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ABSTRACT
o o .
The microbial content of ting fermented at 15 , 20,
25°, 30° and 37°C is investigated. At the lower
temperatures, there is a predominance of Gram 
negative rods, namely, Enterobacter cloaca e,
Enterob ac ter aerogenes and Klebsiella aero genes 
The appearance of Gram positive bacteria and yeasts 
and the disappearance of moulds, is more gradual at 
this temperature range. The product is characterized 
by a slow fermentation and low viable count. Between 
20° and 25 °C, there is a mixed culture beginning on 
the second day of fermentation, and by the third day, 
only Gram positive bacteria and yeasts are isolated. 
Flavobacterium s p p . are isolated at these temperatures 
in addition to the above Gram negative rods. The 
rate of fermentation and viable count are higher than 
at 15°C. At 30° and 37°C, most Gram negative organisms 
disappear after the first day and the fermentation is 
then dominated by 1a c t o b a c i 11 i , streptococci, 
pediococci, leuconostocs and yeasts. The fermentation 
at this temperature is characterized by a vigorous 
reaction and a high viable count.
Isolates from a natural fermentation (maize meal 
fermenting by addition of water and nothing else) 
of meal are used to prepare starters. Individual 
isolates are assessed for their ability to grow 
in maize meal, to produce acidity and a characteristic 
aroma. On the basis of all these characteristics, 
various recombinations of isolates are made. Ting 
thus prepared is given to a taste panel for analysis.
It is generally noted that temperature and brand of 
meal have a greater effect on the variability of 
ting than the type of starter used.
A comparative study is made1 of ting prepared from 
irradiated, autoclaved and normal untreated meal.
The untreated meal receives a higher rating than 
the two. However the considerable variability 
found throughout the work in apparently identically 
prepared tings indicates the difficulty in controlling 
fermentation experiments with the substance.
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la. Maize and maize products
Maize is the staple food of most of the people in Southern Africa.
Because maize is produced seasonally, most of the foodstuffs derived 
from it are made from its dry form. There are various dishes that 
are produced from dried maize. It can be boiled off the cob, resulting 
in a dish called ' dikhob&.' or mixed with beans or pounded peanuts.
The latter dish, called 'ditlhaku' is more nutritious. It can be 
pounded to produce hominy or samp or to smaller grains, smaller than 
rice, referred to as mealie rice. These two dishes are boiled and eaten 
with or without a relish. The most popular product of maize is meal which 
is prepared into a soft porridge or stiff porridge called 'bogobe'.
Maize porridge is a bland product. Various methods of preparation are 
practised to improve or change its flavour to provide some variety to 
a product that is consumed three times a day by a majority of the 
population. The porridge can be cooked with whey to produce a slightly 
sour, stiff porridge that may be eaten on its own or with some relish 
or it may be cooked together with sour milk that has been drained of its 
whey. This is normally taken as a soft breakfast cereal. Little sugar 
is added to improve its taste. Some people mix maize meal with various 
vegetables. For instance, melon, pumpkin or wild greens may be boiled 
and thereafter the maize meal added to form a stiff 'papa'. Where 
pumpkin or melon have been added, the dish is called 'thopi* and where 
greens have been added the dish is called 'sitjabane'. These combinations 
are complete meals.
Maize porridge may also be prepared from fermented meal. The soft 
porridge is mixed with some sugar to taste and eaten as a breakfast 
cereal. The stiff soured porridge is eaten with some relish when one 
is available as a daytime meal. Any porridge that is prepared from 
fermented meal is known as ting. The fermentation may be natural or 
unaided, in which case, water is added to the meal and organisms 
present in meal are responsible for the fermentation. Aided fermentations 
refer to those fermentations where the process is speeded by addition of 
carry-over material from a previous ferment, as is done traditionally, 
some starters"’or some chemical agents.
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b. Fermentation of maize in the formation of various fermented products.
The fermentation of cereal grains in the preparation of various staple 
carbohydrate components of the diet has a long traditional history in 
many tropical countries (Stanton et al., 1969). There are variations 
in the way these fermentation processes take place. In Southern Africa, 
white maize (Zea mais) and sorghum (Sorghum vulgare) are used in the 
fermentation of ting. Millet is also used in certain parts of West Africa.
The same or similar products are found in different parts of the world.
For example, fuba in Brazil, ogi in Nigeria, chicha in Peru, kenkey in 
Ghana, magewu in Southern Africa and pozol in Mexico (Stanton et: al.,
1969).
Goldberg et: al., (1946) have divided fermented foods into two broad 
classes:
a) those that consist of the products of non-alcoholic fermentation:- 
acetic, lactic and butyric acid fermentations such as ting.
b) partly acidic and partly alcoholic products such as bojalwa, a 
sorghum malt beer that has an alcohol content of around 3%.
Muller (1970) described the various methods of processing of cereal 
grains in Ghana and Nigeria. Traditionally, cereal is fermented as 
grain, ground meal or as a dough and the traditional cereal products 
are divided into four classes:
a) beverages - with a water content of 94% e.g. African beer.
b) porridges - moisture content about 90% e.g. ogi, koko, ting.
c) dumplings - moisture content about 65-80% e.g. kenkey, pozol.
d) baked or fried products - normally from wheat flour and with a 
moisture content less than 60%.
In the preparation of ting (Fig. 1), the process is less laborious than 
is the case with the preparation of kenkey and ogi (Figs. 2 and 3) both 
fermented maize products of West Africa.
In the preparation of magewu, wheat flour is added to the cooked maize 
meal gruel to hasten fermentation. Magewu is a refreshing sour beverage 
of Southern Africa.
5II. History of fermentation
Fermentation and drying are two of the oldest methods of preparation of 
foods (Pederson 1971). The word fermentation has undergone many changes 
in meaning during the past hundred years (Doelle 1969). The term 
signifies a 'gentle bubbling' or 'boiling' condition. In Tswana, the 
term 'go bela' which means boiling, also refers to fermentation.
The term was associated with the presence of cells, gas production and 
organic by-products. But since some fermentations do not produce gas 
as is the case with homofermentative lactic acid fermentation, and 
other fermentations proceed with cell-free extracts, the term had to 
be redefined. The word fermentation was later restricted to those 
biochemical pathways in which the terminal electron acceptor was an 
organic compound (Doelle 1969). Jay (1978) has described fermentation 
as the metabolic process in which carbohydrates and related compounds 
are oxidized with the release of energy in the absence of any external 
electron acceptors. Electron acceptors here are organic compounds 
produced directly from the breakdown of the carbohydrates. During 
fermentation the physical and chemical characteristics of food may be 
changed but their nutritive values are largely retained (ibid.). 
According to Pederson (1971) the characteristic flavour, aroma and 
texture of fermented foods are dependent upon:
1) the nature of the food itself;
2) the changes resulting from microbial enzyme activity;
3) enzymes indigenous to the food,
4) interactions that occur during fermentation; and
5) subsequent curing and ageing.
III. Chemical composition of maize meal
a . Carbohydrate component
The maize kernel is composed of two major parts: the embryo and the
endosperm. Gentinetta e t  arf., (1979), studied the development of free 
sugars in both these components. In the endosperm they identified 
sucrose, glucose, fructose, maltose, galactose, ribose, mannose, 
cellobiose and traces of xylose. Starch increased from fifteen days 
after pollination to maturity; while sucrose, glucose and -Jtuctose, 
which are the main free sugars, generally decreased.— -At— maturity, 
the sucrose content was 0.322%, glucose was 0.049% and fructose
was 0.032%. (Calculations were based on the dry weight of whole
maize.) According to Earle et a l . , (1946), the proportion of
6endospermal and embryonic components of the total kernel vary (Table 1).
Endosperm Embryo
Total Ash 16% 80%
Total protein 75% 22%
Total oil 15% 84%
Total sugar 28% 70%
Total starch 98%
Table 1 . Proportions of Endospermal and Embryonic 
components. (From Earle .efc al., 1946)
In the embryo they identified sucrose, maltose, cellobiose and ribscose. 
Starch decreased during development. Sucrose was present during 
maturation but fructose and glucose were absent (Gentinetta et al., 1979).
There is great variability in the composition of the embryo and endosperm 
depending on the genome of the strain (Earle et al., 1946). According 
to Fuwa (1957), the starch produced in all maize kernels contain both 
amylose and amylopectin except in the case of 'waxy maize1 in which the 
starch contains no amylose. In the U.S.A., 100% of the maize grown is 
hybrid maize (WiiS hser, 1961). According to Creech,(1968), most starches 
contain 75-85% amylopectin and 15-25% amylose. The starch is mostly in 
the endosperm (86.4%), 8.2% in the embryo and 7.3% bran. Some hybrid 
maize varieties called amylomaize contain up to 50% amylose and are 
lower in starch content than normal maize (Blanshard elt al., 1979).
Whistler et ad., (1957) attributes this variation to specific genes 
that affect the development of amylose and amylopectin and also the 
various genes that affect the sugar contents of maize. The ratio of 
amylose to amylopectin in any grain will affect the type of polysaccharides 
present. Amylose, the linear component, is hydrolysed to 70-80% maltose 
while amylopectin, the branched component is hydrolysed to 50-60% 
maltose plus dextrins (Blanshard et al., 1979).
Ungerminated maize has negligible saccharifying activities (Kneen, 1944; 
Pridham, 1973; Patwardhan, 1929; Chrzaszez et: ad., 1936). Kneen (1944)
7noted that both maize and sorghum showed no measureable beta-amylase 
activity in both ungerminated and germinated forms and that their alpha- 
amylase was relatively more difficult to extract while wheat produced 
more alpha-amylase. Some birdproof varieties of sorghum malt had a 
low production of sugars. This was so because amylases were rendered 
insoluble and inactive by tannins in these cultivars (Watson 1974). 
According to Faparusi et al_. , (1973) , the occurrence of amylolytic 
microoganisms on cereal products is common. The diastatic activity 
of mould flora on maize accounted for the bulk of sugar production 
required for fermentation.
b.' Protein component
The average protein content of the maize kernel is 10.3% (Hinton, 1953) 
and this is distributed throughout the kernel as follows: (Table 2).
Proportion of the total 
protein of kernel (%)
pericarp 2.2
aleurone layer 4.7
Endosperm 1 11.9
Endosperm 2 48.9
Endosperm 3 10.9
Embryo 3.2
Scute H u m 18.9
Whole grain 100
Table 2 . Proportion of total protein of maize 
kernel (from Hinton, 1953).
Zeleny (1935) and Umoh et al., (1981) have described the various groups 
of maize proteins.
8A. 1) The Albumins: This is known as the water soluble fraction
since it is extracted with water. According to Osborne et al., 
(1907), maize, like other cereals, contains very small proportions 
of protein soluble in water.
2) The Globulins: This fraction can be peptized by molar sodium
chloride solution but not by water. It is the best balanced in 
amino acids.
3) Prolamines: This makes up the characteristic proteins of cereal
grains. Zein is the prolamine of maize and the most abundant 
protein in the mature maize kernel. It is deficient in lysine 
and tryptophan (Umoh et al., 1981) and can be peptized by hot 
ethyl alcohol.
4) Glutelins: This fraction is complete in essential amino acids.
The glutelin of maize is called zeinin and can be peptized by 
dilute acids.
B. Nitrogen not solubulised by water, ethanol/NaCjl or KQH
An example is the seed coat proteins which are very difficult to 
separate from insoluble carbohydrate material.
The amount of protein in maize will be influenced by the variety 
of maize used and also by the effects of storage on the various 
amino acids of corn protein. Lysine, for instance, is susceptible 
to high storage temperatures of 25-35° and humidity of 81-83%
(Ekberg et: ajL., 1979) .
C. Fat content
The total fat content of maize is around 4.4-6% (Olatunji et al.,
1980 and.Winton et al., 1915) and most of it is found in the embryo 
(Earle et ad., 1946). The amount of fat will vary depending on the 
variety of maize and also on the degree of its hydrolysis leading 
to fat acidity. Though fat acidity increases at a fast relative 
rate with increasing deterioration, other types of acidity exist.
The three types of acidity result from hydrolysis of fats (fatty acids)
9phytin (phosphoric acid) and proteins (amino acids) (Zeleny et al.,
1938, Oollatz 1929 and Jessen-Hansen 1911).
Other constituents of maize are ash (1.4%) and fibre (1.9%) (Olatunji 
et al., 1980).
IV. Effect of preparation of Ting on various components and 
Characteristics of maize
Maize undergoes various processes before it is processed into Ting.
These are drying, milling, storage, fermentation and cooking. The 
nutritional level of ting depends on the effects of these processes 
on the various components of maize.
a. Protein efficiency ratio
The method of preparation of the product has great bearing on the 
loss or gain in nutrients. If steeping of grain is done for lengthy 
periods, a lot of nutrients will be leached. Maize, like other cereals 
is deficient in lysine, tryptophan and methionine (May-Gi Lay et al., 
1981j Inglett 1970) but fermentation of this and other grain results 
in an increase in the relative nutrient value (% RNV) (Hamad et al., 
1979a, 1979b; Kazanas et al., 1981; Stanton et_ ad., 1969; Umoh et al., 
1981; Morcos et al., 1973; Ulloa elt a±. , 1973; Tongnual et al,., 1979; 
Herrera et al_., 1970 and Zamora et al. , 1979) . According to Hamad et al. 
(1979b), the % RNV of maize is increased from 68 to 80 after fermentation 
This effect is enhanced if the grain is germinated prior to fermentation 
(May-Gi Lay et al., 1981; Wang et al., 1978; Aucamp el: al., 1961 and 
Hamad et al; 1979a). Kazanas et al., 1981 suggests that protein is more 
available after fermentation because of the proteolytic activity of 
the flora.
Oke (1967) made a study of the effects of the processing of ogi on 
various components of grain (Table 3).
10
% Dry matter
Crude
protein
Ether
extract
Crude
fibre
Carbohy­
drate Ash Calories/Q dry. tot-
Maize
Ogi
90.38
6.10
11.80
6.88
4.09
2.99
1.32
0.42
82.56
89.26
3.68
0.45
409.65
411.56
Table 3. Effects of the processing of ogi on various components of 
maize (From Oke, 1967).
There is a loss of over 40% in protein which according to Oke results 
largely from leaching of globulins during steeping.
Since maize is a staple food for a large proportion of the people in 
Africa, its protein status needs to be monitored. According to an 
FAO study (1955), a maize diet supplies more protein than rice but 
this is not as high in quality. Supplementation of maize diets with 
non-fat milk solids would increase the total quantity of protein 
without increasing caloric intake. It would increase tryptophan 
which is quite low (Table 4) and decrease the leucine/isoleucine 
ratio. The amount of leucine in maize may be sufficiently large 
to increase the requirement for isoleucine.
Amino Acid Maize Protein
Quantity (mgm)amino
acid/gm nitrogen ■
Isoleucine 293
leucine 827
lysine 179
phenylalanine 284
tyrosine 385
Sulphur-containing:
total 197
methionine 117
threonine 249
tryptophan 38
valine 327
Table 4. Amino acid pattern of maize (From FAO 
Nutritional Studies No. 16; 1955)
11
Makinde e t_ al., (1976) looked at the status of tryptophan during 
ogi processing. Since the solubility of tryptophan increases 
progressively with time, he concluded that prolonged steeping and 
fermentation beyond 24 hours significantly affects the content 
of tryptophan. A total loss of 98.4% and 99.2% was observed in 
ogi, prepared with the opaque-2 and conventional corn respectively. 
Opaque-2 has a higher initial content. Therefore it loses more 
tryptophan compared with the conventional maize. This is due to the 
fact that a significant proportion of the amino acids in opaque-2 
are in the free unbound form (Bressani 1974).
et o l f m )
Makinde/suggests a steeping time of less than 24 hours to permit 
the maize to reach a moisture of 35% in order to facilitate 
milling. According to him, prolonged steeping leads to secondary 
fermentations that produce undesirable flavours which are suggestive 
of extensive protein breakdown and possible hydrolysis of sulphur- 
containing amino acids.
Ofosu (1971) studied the status of lysine during fermentation. The 
amount will vary depending on certain factors:- For instance, in 
Nsiho Kenkey
Husking: If the grain is husked it will lose 18% of its lysine.
Ga kenkey is made up of whole meal.
Boiling: The cooking time varies from two hours to overnight cooking.
Lysine is susceptible to boiling and can be lost during this process. 
Fermentation: The amount of lysine increases during fermentation.
The average lysine content of husked, washed,steeped maize is 55% of 
its value (Ibid).
Amoa et al., (1976) used Malawian dent maize and Ghanaian flint maize
in the production of kenkey and noted that with Ghanaian maize, there 
was a slight increase in proteins during soaking, probably due to 
microbial synthesis or to loss of non protein material while with 
Malawian maize, there was a slight protein decrease.
b. Vitamins
The status of vitamins during fermentation varies depending on the 
food and method of preparation (Van Veen et al., 1970). In general, 
fermentation of maize results in an increase in various vitamins
12
especially of the B complex. This has been attributed chiefly to the 
activity of yeasts (Ulloa et al., 1973, Goldberg et al., 1946 and 
Kazanas et_ al., 1981) .
Ofosu (1971) studied the changes in the level of Niacin during kenkey 
fermentation. At each step during the process, the quantity of niacin 
was affected.
a) fermentation: niacin level increased from the second to the third
day
b) partial cooking step: the niacin level dropped
boiling: level dropped
d) husking: level dropped by 50%
e) washing and steeping: level dropped.
Finally, washed husked and steeped maize has 40% of its original 
niacin content, Ga kenkey (whole meal) contains 87% of its original 
content of niacin (Ibid).
Ankrah (1972) monitored the riboflavin content during the four days 
of kenkey fermentation and concluded that the level remained unchanged 
over that period. Cooking the maize dough did result in a loss of 
33 - 36% riboflavin.
In the fermentation of koko, a Ghanaian, maize porridge, Andah et al., 
(1973) studied the effect of the fermentation process on riboflavin 
and thiamine. In this process, the steeping water is discarded and 
this results in a loss of both thiamine and riboflavine since both 
vitamins are water-soluble. Subsequent fermentation results in an 
increase in the quantity of thiamine due to microbial synthesis. Very 
little increase of riboflavin takes place during fermentation, probably 
because the microbes involved in the fermentation fail to produce it 
or because exposure to light could destroy it (5-22% could be lost 
due to light) (Ibid).
In the fermentation of magewu, Goldberg et al., 1945(b) noted a 30% 
reduction in thiamine and an increase of 40% in the riboflavin and 
nicotinic acid value. They attributed the increase in B vitamins to 
metabolism by Saccharomyces, Torula and Mucor rouxii.
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c* Ash and other components
The effects of the fermentation of ogi on several components of maize 
have been studied by Oke (1967).
N P
Cmj/lOOg)
K Ca Mg
Maize 1.88 0.41 0.38 0.10 .12
Ogi 1.10 0.11 0.08 0.05 0.0
Table 5 . Mineral status of major components of 
dried maize and ogi ((^6^1967)
There is a general decrease in the level of ash. Calcium is reduced 
by over 50%, phosphorus by 75% and iron by 10% compared to that of 
maize meal (Table 5). According to O'Dell et al., (1972) most of the 
minerals with the exception of calcium are normally situated in the 
maize germ. Removing the germ during milling results in a decrease 
in ash.
There is a slight drop in oxalate during fermentation. Hydrocyanic 
acid and phytic acid are significantly decreased (Table 6).
Phytic Phytic acid
Oxalate HCN Total P acid P % of total
"o mg (%) mg (%) mg (P) P
Maize 0.26 1.0 410 150 37
Ogi 0.20 0.0 110 O 0
Table 6 . Oxalate, hydrocyanic acid and phytic acid of dried maize 
and ogi (Oke^l967)
Mollgaard et al., (1946) states that if flours of various grain are. 
left in buffered solutions at a pH of 5 at 40°C for 2 hours phytic 
acid is split to inositol and inorganic phosphorus by naturally present
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phytase. This enzyme is also present in maize to a less extent.
Maize is low in calcium and high in phosphorus (in the form of phytin)
(Amoa et al., 1976). They showed that there is a great variability in 
the phosphorus level in various types of kenkey. Osino kenkey, made 
up of degermed, dehulled meal has about 28.8 mg/lOOg while Ga kenkey, 
made up of whole grain meal contains 287.1 mg/lOOg. 80% of the 
phosphorus is present in the germ and is removed during milling (Ibid). 
70-78% of the total phosphorus in maize is present as phytic acid 
which cannot be utilized by the body as such and may also prevent 
calcium absorption from the gut (Ibid). It has to be hydrolysed.
The addition of wheat meal to the fermentation increases the concentration
Qc id.
of phytase resulting in a greater rate of phyticjjiydrolysis, (Amoa et al., 
1976). By addition of 1% wheat flour to maize meal, 99% of phytic acid 
was destroyed in 36 hours. With 10%, 100% destruction occurred in 8 
hours (pH 5, 40°C) (Ibid).
They noted that in some areas, kenkey had a higher calcium value because 
of hard water used in its preparation and that the amount of wrapping 
material used during the steaming of the balls, could prevent leaching.
The Fantis use four layers of leaves while the Gas use two. There is 
thus a greater loss of calcium from Ga kenkey.
Calcium lost during processing of Ghanaian maize was 2.72% and Malawian 
maize was 4.67% (Ibid).
d. Digestibility
Various foods are made more digestible by fermentation (Stanton et al_., 
1969) and Van Veen et al., (1970). Examples are Tempeh, a soybean cake
(Steinkraus et al., 1960) and Kishk, an Egyptian wheat and whey product 
(Morcos et al., 1973). Sorghum has a low starch availability but according 
to Kazanas et al., (1981) this is raised by the fermentation process.
This increase of .23% in reducing sugars is attributed to the loosening 
effect of lactic acid on bound starch providing a more available 
carbon source.
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The fermentation of maize and sorghum has been described as a lactic 
acid fermentation by Novellie (1968), Christian (1970), Banigo et al., 
(1972), Akinrele (1970) and Fields et al., (1981). According to 
Novellie (1968), lactic acid has a marked effect on the protein of 
the corn or sorghum used. The endospermal protein especially of 
sorghum is very tough and contains tightly enclosed starch granules 
preventing to a large degree absorption of water and gelatinization 
of starch during cooking. Lactic acid, by softening the protein, 
reduces cooking time. This effect of fermentation on cooking time is 
supported by Van Veen el; al. , (1970) .
Keeping quality
According to Pederson (1971) the preparation and preservation of foods 
by fermentation depends on the production by certain microorganisms 
of chemical substances that alter the food and . inhibit! •. _ the
growth of undesirable microbes.
The fermentation of maize helps to preserve it (Platt, 1964; Van Veen 
et al., 1970; Ayodeji et al., 1978; Novellie, 1968 and Ulloa et_ a+., 1973). 
Hamad et_ ad., (1979) attributes this to the low pH of 3.6-4.1 which is
within an inhibitory range of many organisms including most food 
poisoning bacteria. According to Stamer (1968) lactic acid fermentation 
permits utilization of available substrates. The resulting organic 
acids and increased hydrogen ion concentration coupled with the poor 
buffering capacity of plant medium, form natural barriers which 
restrict growth of undesirable microorganisms. Magoffin et_ al_., (1974)
attributes this increased ion concentration to production of CO^ , 
lactic acid and the assimilation of ammonia. This preservative activity 
is also true of the fermentation of miso (Shibasaki et_ al., 1962), 
cucumbers (Pederson et al., 1950) and cassava (Meuser et al♦, 1980).
g. Reduction in toxicity
/
Cassava contains large amounts of hydrocyanic acid which exist in three 
forms:- linamarin, aceto-cyanohydrin and free acids (Meuser et al.,
1980). The fermentation of cassava in the production of a West African 
staple, gari, is a lactic acid fermentation (Ngaba et a l ., 1979).
e * Cooking time
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Collard et al., (1959) noted that this fermentation process resulted 
in the detoxification of cassava. Meuser et al., (1980) explain 
that because of lactic and acetic acid formation, a pH of 3.8-4.1 
is reached. At this ph value, acetocyanohydrin produced by the 
enzymatic breakdown of linamarin is very stable. The mash can 
therefore be washed after fermentation to remove the cyanohydrin.
In the fermentation of maize meal, hydrocyanic acid is reduced 
from .1% to 0% (Oke, 1967).
h. Organoleptic character
According to Stanton et^  al_. , (1969); Platt (1964); Van Veen et al., 
(1970) and Stamer (1968), fermentation of food results in favourable 
changes in taste. Novellie (1968) associates the acceptibility of 
these foods to lactic acid which seems to appeal to people in warm 
climates. Banigo et al., (1972) attributes the acceptibility of 
fermented maize to ph (around 3.6), flavour, aroma and taste.
V. Preparation of ting
a. Milling the grain
Industrially
The dent varieties are used more often than the flint varieties in 
the manufacture of meal (Winton et al., 1915). The texture of the 
endosperm of maize varies according to the type of maize and the 
region of the kernel. The crown region which is light in colour, 
contains loosely packed starch granules with little protein while 
the horny region towards the base, that is more intensely coloured 
in yellow varieties has smaller starch granules which are embedded 
in sheets of proteinaceous material (Kent, 1966). The oil and protein 
contents of the horny endosperm are more than double those in the crown 
region (Ibid). The crown region predominates in the more floury 
types of maize. In some of these, the crown region contracts during 
maturation producing a noticeable indentation. These types of 
varieties of Zea mays indentata are called dent maize. Varieties 
of Zea mays indurata, in which the horny region predominates are 
called flint maize (Table 7).
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In sorghum, there are larger proportions of horny endosperm than 
in maize.
Protein
%
Fat
%
Soluble 
carbohydrates %
crude 
fibre %
mineral 
matter %
Flint i—1rHfH 4.9 80.2 2.1 1.7
dent 10.6 4.6 81.0 2.2 1.6
f  dry weight)
Table 7 . Percentage^of total constituents of flint and 
dent varieties of maize (From Kent, 1966).
Maize is allowed to dry on the cob before harvest. According to 
Brekke (1970), the moisture level during harvest is around 23%.
This has to be reduced for storage to 14% using dryers. The storage 
time of the threshed maize can be anything up to 3 years. From the 
farms it is transported by rail to the mills where it is further 
stored in silos for up to six weeks. According to Taylor (1980) and 
Brekke (1970), the first stage in the milling process involves the 
passing of the grain through sieves to remove stones and chaff. Then 
from the cleaner it goes into conditioning bins where it is tempered 
for 15 minutes to 3 hours to a moisture content of 18-24%. According 
to Brekke (1961) this is done to '.Roughen the bran and germ.
Tempering is done in one, two or three stages (Brekke 1965). After 
tempering, the maize goes into the degerminator where the germ is 
removed for oil extraction. The germ requires a certain amount of 
moisture (around 15% according to Brekke 1965) and temperature to 
have the plasticity necessary for rolling into 'platelets1 which can 
be removed by screening. If the moisture level falls below this level, 
pieces of free germ remain with the meal and therefore increase its 
fat content. A higher moisture level may have a similar effect (Ibid). 
The degermed grain now goes through rollers. Winton el; ad (1915) have 
described the two chief milling processes, namely, the stone process 
and the roller process.
'•A *• ■ >. fa y.'i 1 fat fa <' fa- far...- f  fafa:,'--7 fa- ~Afafafavfa tfafcfafafa
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The type of meal produced depends on the types of stones. Stone-ground 
meal is characterized by a rich, oily flavour due to incomplete removal 
of fatty matter of the germ. No attempt is made to dry either the 
corn or the meal to prevent gumming because the friction of grinding, 
especially when the stones are set for producing very fine, soft meal, 
develops heat that drives off moisture.
The roller process
This method has largely replaced the stone process. After degermination 
the grains are dried to a moisture level less than 15% and then go 
through revolving rollers. According to Brekke ell al., (1961) this 
milling is a multistep process where the grain passes from the roller 
mills, sifters, aspirators, purifiers followed by drying before 
packaging. Various mills have different ways of grading their maize 
meal. For example Delmas milling company in South Africa grades its 
maize meal according to fat, crude fibre, moisture content and 
fineness (Taylor 1980). Ace meal and Induna meal are both products 
of Delmas Milling Company (Table 8).
The Stone process
Ace Super Maize Meal Induna Special Maize Meal
min max min max
% fat (d.b) 2.0 2.2 3.2
% h 2o 14.0 14.0
% crude fibre 0.8 1.4
fineness 95% through .5mm 
sieve not more than 
60% through 0.315mm 
sieve
95% through 0.8mm sieve
Table 8. Characteristics of maize meal used in Grading by Delmas
Milling Company (From Taylor 1980).
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Processing in many African countries is still by traditional methods 
of pounding with a pestle in a wooden mortar or grinding with stones 
and then winnowing to remove the bran. This method is time-consuming, 
producing less than two kilograms of meal per hour per woman (Olatunji 
et al., 1980). The maize grains are soaked in water for 2-10 hours 
to loosen the bran prior to milling. After milling, the meal is spread 
on grass mats in the sun to dry before it is stored. Enough is 
pounded at each time to last two to three days. Because of the high 
fat content of home-milled meal due to absence of degerming, it goes 
rancid very quickly. Secondly, maize meal pounded in this way, has 
a moisture content of 25-40% and in hot climates, the keeping quality 
is rather poor (Olatungi et_ al., 1980).
The maize meal is now ready for the preparation of ting. Individuals 
who are used to stone ground meal are able to detect the difference 
between fermented products made from it and those made from commercial 
meal (Fox et_ al_., 1937) .
There are two methods of preparing ting or ting-like products:- 
wet milling where the maize grains are fermented prior to milling 
or dry milling as described above.
Wet milling
In some parts of Botswana, dried maize grains are soaked in water for 
up to three days to allow for fermentation. The steeping water is 
then washed off and the fermented grains pounded to a meal. This meal 
is used to prepare the porridge or stiff pap. This method is similar 
to the West African way of producing ogi (Akinrele 1970, Banigo eb al., 
1972, Umoh et al., 1981 and Christian (1970)) except that the fibre 
is not strained off with muslin as is done in Nigeria. This method 
though, is not very common in Botswana.
b. Traditional milling process
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Maize meal is placed into jars and warm water is added to cover.
Clay pots are normally used. Pederson (1971) suggests that the 
porosity of such pots is important because no amount of washing 
will remove the microbes from the crevices. These organisms thus 
act as starters for subsequent fermentations. In addition, one 
always uses carry- over material from a previous ferment to hasten 
the fermentation. This is probably due to a high initial count of 
the type of organisms capable of producing the right flavour and 
acidity while a fresh fermentation goes through a longer lag phase. 
Secondly, the residual acidity present in the "starter1, brings the 
unfermented meal close to the desirable pH sooner.
The fermentation pot is placed in a warm place for 2-4 days until 
the meal sours. Subsequent fermentations may take less than 24 hours 
during warm months.
The fermentation of meal is a natural process depending on the 
microorganisms present as contaminants on the maize meal. Because 
of this, the product varies depending on (a) the types of contaminants 
present at each time. {Unfermented meal has various sources of
c* Fermentation of ting
method of preparation of the fermented product, (e) the effect of 
bulk on fermentation.
VI Sources of the microflora
Christensen et al., (1965) have divided grain contaminating fungi 
into two categories:- the field flora and the storage flora.
a. Field flora
Field microorganisms according to Christensen et al., (1965) are those
microbes that are found on the plants in the field before harvest.
They have listed five genera: Alternaria, Cladosporium, Fusarium,
Helminthosporium and Pullularia. Bothast et_ al_., (1974) noted that
cereals are exposed to insects and microbes as they grow. Soil 
microbes are blown by the wind and splashed by water. Tuite, (1961)
. ~ -• • the chemical composition
■ the temperature of fermentation. (d) ■ theof maize meal. (c)
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also isolated similar genera to those isolated by Christensen but in 
addition to the five noted, he also isolated Diplodia, Penicillium, 
Nigrospora and Gibberelj.a. According to Faparusi et al., (1973), these 
moulds settle on the grains before harvesting because of the high 
relative humidity and warm temperatures.
Christensen et al., (1968) point out that the field flora require a 
minimum moisture content of 20-21% for growth. After harvest, they 
usually fail to grow because storage is at a moisture level below 
that. This, according to them does not hold for corn stored on the cob 
in cribs and exposed to the weather. Such grain may be contaminated 
with Alternaria, Cladosporium, Helminthosporium and Fusarium (Ibid).
b. Storage flora
Christensen at al., (1968) describes storage flora as those microorganisms 
that require a moisture content of at least 14-15% and grow on the grain 
after harvest. These include Penicillium, Aspergillus, Geotrichum 
(Christensen et al., (1965) and Mucor (Lillehoj et al., 1975).
Several reasons have been given for the invasion of maize grain by 
moulds. According to Qasem et al., (1960), all these factors operate 
together.
Both Penicillium and Aspergillus spp. first attack the germ where the 
soluble protein and fat are concentrated. The fat is broken down 
and gives rise to products which confer mustiness on the grain and 
the rate of fat degradation is enhanced by the protein of the germ 
that serve as an available food for the mould (Davis 1928). Other 
moulds ' will eventually infect the starchy portion
of the grain (Ibid). The germs are without exception, the first, to 
be attacked due to their comparative richness in minerals.
VII. Factors enhancing deterioration by the microflora
a. Moisture content
f l  T ah
An excessive moisture content (above 12-13%)/ according to Bullerman 
et al., (1975) is the chief cause of deterioration and spoilage by 
moulds. This is supported by Davies (1928); Qasem et: al., (I960),
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Goodman et al., (1952); Shotwell et al., (1971); Lillehoj et al., (1975); 
Bothast et al., (1973 and 1974) Christensen et al., (1965 and 1968); 
Vandegraft et al., (1975); Tuite (1961) and Van Warmelo et al., (1968).
b. Temperature of storage
The effect of temperature of storage on deterioration of grain was 
noted by Bullerman et al., 1975); Oasem et al., (1960); Christensen 
et al., (1965 and 1968) and Van Warmelo et al., (1968). Temperature 
of storage is directly related to the quantity of grain stored. In 
large silos, there are always temperature and moisture shifts that 
affect the microbial count and content (Christensen e^ t ad., 1969).
c. Physical damage
According to Bothast et al., (1974) during harvest, grain is mechanically 
damaged and exposed to further contamination. Shotwell et al., (1971) 
and Lillehoj et al., (1975) attribute damage to the kernels or 'stress 
cracks' to harvesting the grains at high moisture contents of 20-30% 
and drying in forced draft, hot air or batch dryers. The effect of 
grain damage on contamination of grain was also observed by Bullerman 
et al., (1975), Qasem et al., (1960), Christensen elt al., (1965) and
Tuite et al_., (1963) .
d. Length of storage
The relationship between length of storage of grain and degree of 
contamination has been observed by Bullerman et al., (1975), Qasem 
et_ cd., (1960) and Christensen et al., (1968).
Other factors known to influence invasion of grains by storage fungi 
are:-
e) the infestation of grains by insects and mites (Christensen et a±., 
(1965); the degree of invasion by other storage fungi; Penicillia are 
noted for their inability to grow competitively at moisture levels 
below 16% (Tuite 1961) and
g) lastly the practice of blending of grain of different moisture 
contents (Shotwell et al., 1971).
VIII. Effects of microflora on characteristics of maize grain
Storage fungi have various effects on maize grains:
a) Reduction in germination has been demonstrated by Christensen 
et al., (1965).
b) Increase in fatty acids in meal referred to as fat acidity value 
(FAV): according to Nagel et al., (1946); Goodman et al., (1952) and 
Christensen et al., (1965, 1968), these are due partly to adaptive 
fungal lipases. Aspergillus niger is one of the stronger acid producers. 
Many other aspergilli and penicillia are also acid producers (Nagel
et al., 1946 and Foster et al., 1949).
The second cause of increase in FAV are the enzymes normally present 
in the food product (Nagel et al., 1946, and Goodman et al., 1952).
Lastly, direct participation of atmospheric oxygen leads to increase 
in fat acidity (Nagel et_ al_., 1946).
The development of fat acidity and non-reducing sugars is related to 
aeration during storage, to time and to moisture content (Bottomley 
et al., 1952).
Aerated samples
The mould count and fat acidity increase in general. Different species
predominate at various moisture contents and at various times of storage.
group
Moulds of -the/I glaucus^appeared to cause a rapid loss in non-reducing sugars 
and little increase in fat acidity. A. flavus, A. candidus, Penicillium 
spp and Fusarium spp were often associated with marked increase in fat 
acidity (Ibid).
Non-aerated samples
There was little change in fat acidity or non-reducing sugary.:- but 
there was a decrease in viability. The exception according to Bottomley 
et al., (1952) was a Cephalosporium sp that could grow in samples with 
a moisture content of 31% even when the oxygen content had fallen to zero 
and CC>2 exceeded 30%.
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c) Discolouration of the kernel: This according to Heath (1947)
is due to moulds and bacteria. Various moulds are known to discolour 
either the embryo or the endosperm (Christensen et al., 1965, 1968).
d) Production of toxins: The predominant moulds isolated from maize 
meal are Penicillium (31.3%) Aspergillus (26.1%), Fusarium (20.9),
Mucor (13.9%) and the rest made up of various unidentified strains 
(7.8%) (Bullerman et al., 1975). Many of these fungi can produce 
mycotoxins. Several surveys have been carried out of the incidence
of mycotoxins in maize meal. Shotwell et al., (1971) isolated samples 
that contained aflatoxin, ochratoxin and zearalenone. Aflatoxin 
positive samples have been isolated by Shotwell et al., (1973),
Van Warmelo et al_., (1968) Vandergraft et al., (1975) and Bullerman 
et al., (1975).
e) Production of off-flavours: Foreign odours and mustiness are
a result of invasion by moulds and bacteria (Heath 1947 and Christensen 
et al., 1968).
f) Marked organic matter loss: This is due to rots by fungi and 
bacteria (Nagel et al., 1946 and Christensen et al., 1968).
The microbial content of maize meal is determined mainly by the storage 
microorganisms. According to Bothast et, al., (1973), the total 
aerobic bacteria, moulds and actinomycete counts ranged from 100-5x10^ 
microbes/gram. They showed that the microbial counts were lowest in 
grits followed by whole corn, then flour. All their samples were 
salmonella negative and had low counts of fecal coliforms, Clostridium 
perfringens and coagulase positive staphylococci.
According to Vojvonich et al., (1970) there are various factors which
influence the microbial condition of dry-milled maize products,
a) condition of incoming maize
b) cleaning treatments
c) sanitising agents used before milling
d) conditions of milling equipment
e) processing conditions employed in milling
f) combining of milling streams
g) treatment of fractions after they have been milled
h) storage conditions of dry-milled products.
Since different mills choose various ways of treating their maize during
milling, one would inevitably end up with products of varying microbial
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content. The fact is cereal grains are normally not processed to 
greatly reduce their natural microbial flora. According to Frazier 
et al., (1978) it is therefore unavoidable that grain will contain 
fungi, yeasts and bacteria since grain is made up of starch, sugar, 
nitrogen compounds, minerals, vitamins and moisture that are available 
to these organisms for growth.
IX. Factors that determine the characteristics of the fermented product
a. Temperature of fermentation
Very little work has been done to show the effects of temperature of 
fermentation of maize meal. Banigo et al., (1972) fermented ogi at 
25°, 30° and 37°C but because of unpleasant odours formed at 37°C 
they abandoned that temperature and used 30°C throughout their study.
At this temperature, there was agreater pH fall of 1.4 units compared 
to 1.1 units at 25°C and 37°C. From the variability of the flora of 
maize and meal, it is likely that temperature would act as a selective 
agent in a similar manner as it affects the bacteriological and chemical 
changes in fermenting cucumbers (Pederson et al., 1950). Those organisms 
that predominate, would have the greatest effect on the fermented 
product. Hesseltine et al., (1967.) pointed out that when large amounts 
of grain were fermented, there was a rise in temperature of the mash 
resulting from microbial metabolism. The extent of this change would 
determine whether certain microorganisms survived the fermentation 
or not.
b. Effect of method of preparation of fermented product on 
characteristics of meal product
In the preparation of ogi by wet milling, the product has various 
characteristics. Maize is steeped in water to reach a water content 
of 40% (Banigo et al., 1972). This, according to Umoh et al., (1981) 
results in loss of albumin and globulin fractions of maize. Banigo 
et al., (1972) noted that lysine was reduced by 50% in the processing 
of ogi and therefore suggested the use of high lysine corn (Banigo 
et al., 1974). The soluble proteins have a buffering effect on the 
fermentation product (Banigo et ad., 1972) and the product results 
in a pH of 3.6-3.8 (Ibid and Akinrele 1970).
r. >!■ TO. ‘iVTO+TO+Ki
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In the production of ogi, the amount of dry weight^recovered, as ogi 
varied between 72.9% (Akingbala et al., 1981) and 82.3% (Banigo et al., 
1972). According to Akingbala et al., (1981), the variety of grain 
significantly affected the total recovery of ogi.
X. Microbial flora during maize meal fermentation
Akinrele (1970) did a study of the fermentation of maize during the 
preparation of maize during the preparation of ogi. He isolated various 
moulds: Cephalosporium, Fusarium, Aspergillus and Penicillium and noted 
that all the moulds were apparently eliminated during steeping.
During the initial stages of the fermentation, he also isolated 
Corynebacterium and Enterobacter. He associated the presence of 
corynebacteria with diastatic activity in the meal.
Lactobacillus plantarum, Saccharomyces cerevisiae and Candida mycoderma 
were also isolated. He concluded that L_. plantarum was able to thrive 
well because it was able to utilize dextrins of maize after the 
depletion of fermentable sugars. Lactic acid was the main acid 
produced, followed by acetic and lastly butyric acid (Ibid). He 
suggested that the butyric acid could be derived from the rancidity 
of the maize fat during storage.
Lactic acid was a good substrate for CL mycoderma that could assimilate 
it. According to him, A. cloacae and plantarum used up some of the 
free amino acids for growth. L. plantarum also used up some of the 
vitamins for growth. He noted that A. cloacae^while decreasing the 
thiamine and pantothenic acid value, increased that of riboflavin 
and niacin.
Sacch. cerevisiae and CL mycoderma contributed to the enrichment of ogi 
with vitamins (Ibid).
Akinrele et al., (1967) isolated various groups of microorganisms 
during ogi fermentation:
Moulds:
Cephalosporium
Fusarium
Aspergillus
Penicillium v
Aerobic bacteria
Corynebacterium michiganes 
Leuconostoc mesenteroides
Lactobacillus plantarum
Yeasts
Candida mycoderma 
S. cerevisiae 
Rhodotorula
During soaking, they noted that the predominant organism was Leuconostoc 
mesenteroides and during souring, it was L. plantarum.
They concluded that the protein efficiency ratio of ogi was inferior 
to that of whole grain because of milling and sieving that removed large 
proportions of hulls, aleurone layer and germ.
It is reported that Nigerian maize has a high ash content but this 
nutritive advantage was lost during ogi preparation (Ibid).
Christian (1966) studied the microorganisms involved in the fermentation 
of kenkey. In the early stages the flora was made up of Aspergillus, 
Penicillium and Gram negative, catalase positive coccoid forms. Within 
9 hours, the flora consisted of Gram positive paired cocci, probably 
lactic acid bacteria. Between 9-24 hours, yeasts started to appear 
and after 24 hours, the predominant flora was made up of yeasts and 
Gram positive cocci. On the fourth day of fermentation, a thick slimy 
layer of yeast had developed on the dough surface. The pH inside the 
ball had changed from 6.8-4.1 and on the surface from 7.0-4.5.
Pozol, which is a similar fermented maize ball from Mexico was studied 
by Herrera et al., (1970). The product was fermented at 26°C for 3 
days. They noted that there were more aerobic and facultative anaerobes 
as compared to strict anaerobes in the initial and maturation stages.
The moulds they isolated were : Penicillium, Aspergillus, Rhizopus and 
Fusarium. Bacteria isolated were Bacillus cereus and {zh h ern b a c i& K  $pp. 
They concluded that moulds found growing on the surface 
of the pozol are secondary invaders which do not have an active role in 
the fermentation. Geotrichum candidum was found in abundance in a 
very homogeneous way throughout the fermented mass.
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Christian (1970) studied the lactic acid bacteria in fermenting doughs 
with pH 3.8-4.1. He isolated Pediococcus cerevisiae, Leuconostoc 
mesenteroides, Lactobacillus plantarum and Lactobacillus fermentum and 
some yeasts. He concluded that the presence of heterofermentative 
organisms in the maize dough would account for the rise in volume 
which normally occurs during natural fermentation of dough.
Fields et: ad., (1981) fermented maize meal in an identical method to 
that of ting fermentation. Incubation was at 37°C. Organisms isolated 
were L. fermentum, L. cellobiosus, PL acidilactici and some viable 
coliforms. Yeasts and moulds disappeared by the second day. The lactic 
acid bacteria dominated during the four days in which the fermentation 
was studied.
They noted that' Eh decreased during the first 24 hours, which corresponded 
to the time the coliforms were present and also associated these coliforms 
with gassing.
XI. Carboxylic acid production during fermentation
Banigo et al., (1972) studied the types of acids produced during the
fermentation of ogi. The main acid produced was lactic acid which 
made up most of the non-volatile acid component. The volatile acids 
of ogi were identified as formic, acetic, propionic, isobutyric, 
butyric, isopentanoic, pentanoic, isohexanoic, hexanoic, heptanoic, 
isooctanoic and octanoic. The most abundant were acetic followed 
by butyric acid.
In a laboratory manufacture of ogi, Banigo et al., (1972) tried to
reconstitute the flavour of ogi from the analysis of the carboxylic 
acids. This was done to avoid the nutritional losses experienced in 
ogi fermentation. A volatile (acetic) and non-volatile (lactic) acid 
were added to non-fermented meal in a ratio similar to that of 
spontaneously fermented ogi. The taste panel that assessed the product 
reported it to be mild. Lactic acid and various volatiles (acetic, 
butyric, formic, propionic and valeric) were then added. This 
product was too strong for the tasters. They concluded that while 
ogi sour taste could be formulated from pure acids, ogi flavour, aroma 
and taste might not be due entirely to acids produced during fermentation.
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XII. Enhancement of fermentation process by use of starters or 
addition of various components
In an improved method for the manufacture of ogi, Banigo et al., (1974) 
used high-lysine corn (high in lysine and tryptophan) and a starter 
containing several combinations of lactobacilli and yeasts with and 
without whey powder. A temperature of 32°C was used for 24 hrs.
Cooked and uncooked meal were used as substrate. The cooked meal was 
used because:-
1) cooking gelatinizes the starch and makes it easily utilizable by 
organisms.
(both with cooked and uncooked sustrates) than starter (b).
Ayodeji et al., (1978) observed the effects of spray-drying, oven- 
drying and freeze-drying on the properties of ogi powders. There was 
a substantial loss of lysine in heat drying not found in the other 
methods and this they attributed to sugar-amine condensation reactions 
that take place as a result of heating.
Addition of components other than maize meal to the ferment
Akinrele et al., (1969) added soya slurry for protein enhancement of 
ogi. This resulted in a reduction in the fermentation time which he 
associated with:-
a) enhanced activity of the lactobacilli and
b)o( -amylase present in raw soya on the starch and dextrins of corn 
resulting in the production of the more fermentable sugars.
Banigo et_ ad., (1974) also noticed the enhanced activity of lactobacilli 
due to increased protein content with the use of milk cultures of
S. lactis in their starter.
the inoculum can grow without competition.
The two starter combinations they used were:-
a) Ij. plantarum + S_. lactis + S_. rouxii
b) L. plantarum + S_. lactis + S_. cerevisiae.
Starter (a) reached a lower pH and was organoleptically more acceptible
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In Southern Africa, wheat flour or bran is added in the fermentation 
of maize meal to make magewu. This product has a acidity value of 
.4~.5% titratable acidity (17-22°SH) and a pH of around 3.5 (Van der 
Merwe eb al., 1965 and Schweigart et al., 1963).
According to Schweigart et al., (1963), a maize meal porridge with a 
solid matter content of 87*10% is mixed with 5% wheat flour or bran.
The microbes introduced with the flour influenced by the enzyme rich 
material in the bran, carry out the fermentation. They observed 
certain disadvantages with the traditional process of magewu fermentation
1) it takes too long (up to 3 days)
2) it proceeds irregularly
3) it results in the development of other types of undesirable organisms 
that may produce secondary fermentations and result in acetic and 
butyric acid fermentations.
To overcome these problems, they used IL. delbrneckii as a starter 
because:-
1) it has a high optimum temperature and therefore many undesirable 
organisms would be suppressed.
2) it forms large quantities of lactic acid with few by-products,
3) it remains active until a relatively low pH is reached,
4) it produces lactic acid by fermentation of glucose, maltose , 
sucrose, fructose, galactose and dextrins, the most important 
source of carbohydrate present in maize.
They pointed out that adaptation of the culture to maize gruel was 
important in speeding up the fermentation of magewu. Also of importance 
was the addition of buffering salts such as CaHPO^ and the use of high 
quality proteins such as skimmed milk, whey protein, food yeast and 
soya flour to enhance the activity of the lactic acid bacteria. By 
these methods they reduced the fermentation time from 36 hrs to 3 hrs.
Schweigart (1971) tried three ways of dehydrating magewu cultures: 
freeze drying, spray drying and oven drying. He observed that dried 
cultures were less active than normal wet ones and that freeze drying 
and spray drying produced a superior culture compared with oven dried, 
especially if the cultures are neutralized with CaCO^ before drying.
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Van Noort el: ad. , (1976) used starters which consisted of an acid 
producing bacterium, a yeast and a non-acid producing bacterium. 
They found that the total viable count for completed magewu was
Van der Merwe et ad. , (1965) processed magewu into three forms to 
increase its storage life:
a) concentrated magewu (25% solid)
b) magewu powders (spray or roller dried)
c) magewu paste.
In the production of African beer or pito, malted cereals are added 
to the maize meal mash. According to Ekundayo (1969) and Goldberg 
et al., (1946), when malted cereals are used, both fungal amylases and 
cereal amylases may be important in bringing about saccharification 
prior to fermentation. The extent of amylolytic breakdown, according 
to Novellie (1968) is largely controlled by pH.
The pH obtained during fermentation does not only depend on the quantity 
of acid formed but also on the buffering capacity of the malt. The 
lactic content varies fromO. 3-1.6% (Novellie 1968) and the alcohol 
content is 3.2-3.7% (Aucamp et al., 1961).
Webb (1945) studied the microbiology of African beer and concluded that 
the greater part of lactic acid was produced in the first 24 hours. 
Alcoholic fermentation began after 24 hours and continued for 4 days
unpalatable if left to ferment for over 5 days due to formation of 
acetic acid.
Since the starch saccharifying power of germinated maize is low
account for the sugar production necessary to achieve the alcohol 
contents normally found. The effect of saccharyfying microbes was 
suggested. He isolated bacteria, yeasts and moulds:- Aspergillus sp. 
and Mucor sp. were both capable of carrying out extensive starch 
hydrolysis (Ibid).
0
8x10 /gram depending on the degree of fermentation.
resulting in an alcohol content of 3% to 8%.
1( /20 that of barley) germinated grain was not itself sufficient to
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According to Corman et al., (1948), fungal alpha-amylase liquefies 
starch and converts it to dextrins and maltose while the glucogenic 
enzyme system hydrolyses maltose, dextrins and apparently starch to 
glucose (this is supported by Denault et al., 1963). The fungal alpha- 
amylase system is similar to malt alpha-amylase but the fungal 
saccharifying glucogenic system that liberates glucose differs from 
the malt saccharifying Beta-amylase that produces maltose. Corman 
et al., (1948) suggests that the two systems supplement each other in 
the production of fermentable sugars during starch hydrolysis.
Length of fermentation
According to Bond al., (1963) alpha and beta-amylase are not present
in the resting seed of maize. It was only on the sixth day of steeping
and growth initiation that alpha amylase was secreted and became active.
wot
He stated that starch conversion into sugars could/be expected from a 
maize steep of less than six days. The main advantage of steeping 
maize would be to soften the kernel and build up lactic acid microflora.
An increase in fermentation time has been shown to increase the likelihood 
of secondary fermentations (Schweigart et a d . , 1963).
Ratio of dry matter in fermentation
Fields et al.,(1981) have demonstrated that with less water, higher 
levels of acid are produced (Table 8).
Ratio of solids: water Acidity (%)
1: 1.5 2.33
1: 2.0 1.91
1: 2.5 1.66
1: 3.0 1.34
1: 4 1.12
Table 8 . Influence of water levels to 
acidity produced during maize meal fermentation 
(Fields et al., 1981)
C H A PT ER  I I
M ETHODOLOGYI . The Present Study
a )  The aims of the study
Ting is a staple food of a large population of Botswana. At present, 
the success of the fermentation process depends on many factors, 
temperature being the most important. The temperatures in Botswana 
vary greatly between summer and winter (Fig. 4). In winter, the 
temperatures may be as low as 0°C while in summer, the maximum 
temperature may be around 40^0. In certain areas, this temperature 
range results in unacceptable products in the winter due to insufficient 
souring. In large institutions, the wastage can be enormous. In 
summer, the product may be unacceptably sour if fermentation is 
allowed to go on for too long.
The fermentation of ting is poorly understood microbiologically and 
chemically. Natural fermentations were studied at various temperatures 
using various brands of maize meal and the results were assessed 
microbiologically and organoleptically, both quantitatively and 
qualitatively.
The aims of this study therefore were:-
i) To explore the relationship between flora and organoleptic properties.
ii) To examine the influence of meal storage time and temperature on 
the fermentation process.
iii) To assess consumer reactions to the various fermented products.
iv) To investigate the interactions of some bacterial species and 
yeasts in aided inoculated fermentations.
v) To investigate some aspects of biochemical changes, chiefly carboxylic 
acids occurring during the various fermentations.
vi) To test the efficiency of using starters in the fermentation.
The understanding of the microbiological and chemical changes that took 
place during the natural fermentation of ting could be applied to the 
establishment of starters. Such starters could then be used in the 
fermentation of ting, should an industrial process be initiated in 
the future.
Figure 4. Botswana Road Map and Climate Chart drawn and prepared 
by the Department of Surveys and Lands, Gaborone).
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Maize meal produced by four mills was used. Three of these mills were 
in South Africa namely:- Delmas milling company in Randfontein producing 
Induna special meal and Ace super meal; Premier Milling company in 
Johannesburg producing Impala special meal and Champion Milling 
company in Kroonstad producing Excella special meal. The meal was 
flown h e r e .from Johannesburg in sealed paper packets that were normally 
used by the mills for distribution. Encona maize meal is distributed 
by Enco Products, London. Unless stated in the Experiments, Impala meal 
was used for consistency.
Taste panels were made up of a group of Batswana students living in 
London and some students and staff of the University College of Botswana. 
Fig. 5 is a flow chart showing the sequence of experiments that were 
done during the study.
Initial experiments were done using natural fermentation in50Onn\ conical Flasks 
stored in incubators set at various temperatures. The ferments were 
either unaided (no other organisms except those present as meal 
microflora or chemicals ) or they were aided as is the case with
traditionally prepared ting. In the latter case, about 10% of carry 
over material from a previous fermentation was added to fresh meal to 
hasten the process.
Other methods of aiding the fermentation included the addition of alpha 
and beta amylase and the addition of pure cultures of organisms isolated 
from naturally fermenting maize meal.
b) Planning the present study
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II. Sampling Methods
a) Preparation of samples for counting
ef Meal
Sampling was performed as aseptically as possible. The packages^/were 
opened in the laboratory and all weighing containers had been previously 
wrapped in foil and sterilized by autoclaving.
100 g of maize meal was mixed with 400 ml of sterile distilled water 
resulting in a dilution of 1:5. Incubation was done at 15°, 20°, 25°,
30° and 37°C for six days to allow for natural fermentation. On each 
day of fermentation, starting with day 1 microbial counts were monitored.
b) Standard plate counts
lO ml inocula were drawn from the fermentation flasks after vigorous 
shaking. Dilutions of the inoculum were made with 0.1% peptone water 
and spread plates were made. After incubation, colonies were counted 
with a colony counter and only plates with counts between 30 and 400 
were used. All tests were done in replicates of four and arithmetic 
means determined.
c) Direct microscopic counts
Fixed smears of dilutions of fermenting meal were stained using the 
Gram's stain and microbial cells or clumps were counted in 10 fields. 
The number of organisms (viable and nonviable) were determined using 
the microscopic factor.
d) Choosing media for the isolation of microorganisms
In the enumeration of microorganisms present in maize meal and ting, 
one has to consider the history of the food.
In the first instance, one has to expect those microorganisms that are 
normally associated with plant material. These include various bacteria, 
yeasts and moulds.
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The effects of the various processes used in preparing the product 
should also be considered in deciding what media to use for isolation. 
For instance, drying of the maize may result in a decrease in the yeast 
and bacterial count, but may not reduce the mould count. The effects 
of milling where both infected handlers and contaminated machinery 
are used; of storage of maize and meal and of fermentation of the meal 
should all be taken into account.
The intrinsic parameters of the food which also determine microbial 
numbers and types are:- pli, moisture content, Eh,nutrient content, 
antimicrobial constituents and biological structures (Jay, 1978).
In the processing of ting, the pli for instance is decreased from around 
6 to 3.5. This is accompanied by a reduction in Eh. Such conditions, 
while encouraging the growth of yeasts will select against organisms 
like coliforms. Because the fermentation of maize meal is associated 
with various changes in these parameters, it would indicate the need 
for using a wide selection of media, both general and selective to 
isolate as many microorganisms as possible.
Extrinsic parameters of the food such as temperature, relative humidity 
of the environment and presence and concentration of gases in the 
environment (Jay, 1978) would also have to be taken into account. A 
15°C fermentation is expected to have a different microbial content than 
one that has been fermented at 30° since organisms have definite growth 
ranges.
Due to the above factors, the following media and incubation conditions 
were chosen:- (Table 9).
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T a b l e  9 .  M e d i a  a n d  i n c u b a t i o n  c o n d i t i o n s  u s e d  f o r  t h e  
i s o l a t i o n  o f  o r g a n i s m s  f r o m  t i n g
Media Incubation conditions Organisms intended for isolation
Mannitol salt agar 
(Oxoid)
37°C, aerobically, 
3 days
Staphylococci '
MacConkey agar (Oxoid.
Cm H-)
37°C, aerobically, 
2 days
Gram negative rods
•Nutrient agar (Oxoid) 37°C, aerobically, 
2 days
Total viable count
de Man, Rogosa and 
Sharpe (MRS) agar 
(Oxoid)
30°C, micro- 
aerophilically, 
5 days
Lactic acid bacteria
Yeast extract agar 
(Oxoid) + 50 ppm 
oxytetracycline
25°C, aerobically, 
5-10 days
Yeasts and moulds
Rose Bengal agar 
(Oxoid) + 
chloramphenicol
25°C, aerobically, 
5-10 days
Yeasts and moulds
Rogosa agar (Oxoid) 30°C , micro- 
philically,
5 days
Lactobacilli
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III. Selection and examination of microbial colonies
a) Picking off isolates from plates
Since not all colonies on the petri dishes can be selected for 
identification, various methods have been devised to select a 
proportion of the entire population. These methods depend on the 
number of colonies required for examination and also on the number 
of colonies present on isolation plates (Harrigan et al., 1976).
These methods involve picking off colonies from marked sectors e.g. 
quadrants.
Discs are drawn which are the size of the base of the petri dish.
The plate is superimposed on the disc and only organisms present in 
various sectors are selected for further studies. Harrison's disc 
was employed for selection in this study (Fig. 6 and appendix A ) .
Colonies were picked off with a sterile, sharpened needle and 
transferred to similar media for purification before any identification 
could be carried out.
When the natural flora of fermenting . was investigated, the process
of fermentation, isolation and examination of cultures was done three 
times. In all, over 1000 organisms were isolated for identification. 
Results of the final run were included in this work.
b) Enumeration and identification of isolates from spread plates
Plates with less than 100 colonies
Four quadrants were drawn on the plate and organisms from '■one quadrant 
were isolated for identification. The count was arrived at by 
multiplying the results by 4 and by the dilution factor.
Plates with 100-300 colonies
The initial sectors of Harrison's disc were used. Organisms were picked 
off from the areas between the two diameters and the 9° lines. These 
four sectors constitute 10% of the total area. The total counts of the
\
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Drawing a Harrison’s disc
( i ) (ii)
(v) The finished disc showing sampling areas only (this may be used as a template).
F i g u r e  6 .  P r e p a r a t i o n  o f  a  H a r r i s o n ' s  d i s c  ( f r o m  
H a r r i g a n  e t  a l . , 1 9 7 6 )
vari ous  groups of o r g a n i s m s  were arri ved  at by 
m u l t i p l y i n g  the numb er s from these sectors by 
10 and the d i l u t i o n  factor.
Plates with 300-40 0. col o n ie s
The sectors that make up 10^ of the plate were 
further s u b d i v i d e d  into 4 segments. O r g a n is m s  
were is ol at e d in s e qu e n ce  from each of these 
se gments and the total count for each group was 
d e t e r m i n e d  by m u l t i p l y i n g  results from each se quence 
by 40 and the d i l u t i o n  factor.
From the above r es ult s h i s t o g r a m s  show ing  the 
d i s t r i b u t i o n  of the v a r io u s  isolates were drawn, 
th oug h it is a c k n o w l e d g e d  that results were subje ct  
to a large error, e s p e c i a l l y  when a p a r t i c u l a r  type 
of isolate r e p r e s e n t e d  only a small p r o p o r t i o n  of the 
total pop ul a ti o n .
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IV. Methods used in the identification of isolates 
cL Classical methods using physiological and chemical tests 
(i ) Identification of genera'
Pure isolates were subjected to the Gram's strain, catalase test and 
the oxidative/fermentative test.
Gram's stain
Young plate cultures were stained using Lillie's method except that 
decolourisation was done with I.M.S. (Lillie, 1928).
Catalase test: the slide method
A drop of 3% v/v was placed on a cool slide. A large loopful of
a 48 hour agar culture was added. Examination for effervescence was 
done either visually or under a wide field microscope.
Cytochrome oxidase activity test
A piece of filter paper in a petri dish was soaked with 1% tetramethyl- 
p-phenylenediamine dihydrochloride. The test organism was smeared 
across the filter paper with a glass rod. A dark purple colour indicated 
a positive test (Kovacs 1956).
Oxidation/fermentation test. For Gram negative organisms
The method of Hugh and Leifson (1953) was used. The medium was made 
up of peptone 0.2% NaCl 0.5%, K^HPO^ 0.03%, agar 0.03%, bromthymol 
blue 0.003% and 1% glucose. The pH was set at 7.1.. Duplicate tubes 
of solidified medium were stab-inoculated and one tube later covered 
with a layer of sterile molten petrolatum. Incubation was at 37°C.
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For Gram positive organisms
In order to determine the aerobic and anaerobic utilisation of glucose, 
the Baird-Parker modification of Hugh and Leifson's medium (Baird-Parker, 
1963) was used. To 1000 mis of distilled water was added 10 g tryptone,
1 g yeast extract, 2 g agar, 0.01 g bromcresol purple and 1% glucose, 
pH was set at 7.2. The dissolved medium was dispensed into small test 
tubes and autoclaved at 15 lbs for 10 mins. Inoculation was similar 
to that for Gram negative organisms. Incubation temperature varied 
with the group under study.
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.I). Identification of species 
1. Lactobacilli
A combination of physiological and chemical tests were done in the
identification of lactobacilli according to Rogosa and Sharpe (1959) 
and} 8uc4i«tnan ejb
Isolates were purified by streaking on MRS plates and incubated in an 
atmosphere of 95% and 5% CC>2 (using BBL gaspaks) to prevent 
evaporation and concentration of acetate on the surface of the plates 
(Rogosa and Sharpe, 1959). Colony types were observed (rough (R) or 
smooth (S)).
Then the following tests were run.
Growth at 15° and 45°C
A drop of broth culture was added to 10 mis of MRS broth and the 
bottles were incubated in water baths (with an accuracy of 1 0.2°C) 
for 2 to 5 days. Development of turbidity indicated growth.
NH^ from Arginine
MRS broth was prepared with 2% glucose and 0.3% arginine in place of 
ammomium citrate (Briggs, 1953). The inoculated tubes were incubated 
at 30°C for 3-4 days. Arginine hydrolysis was indicated by the 
development of a brown colour when Nessler's reagent was added.
Aesculin hydrolysis
Medium. 1 g aesculin, 0.5 g ferric citrate and 1000 ml peptone water.
Aesculin broth was inoculated with the test culture and incubated at 
30°C for up to 7 days. A sign of blackening indicated the hydrolysis 
of aesculin (Davis, 1955).
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Gas from glucose
The method of Gibson and Abdn ek Mal.ek (1945) was used to differentiate 
heterofermenters from homofermenters.
Gibson and Abd<-> el Malek Medium
(I) 800 ml sterilized milk (warm). (II) 55 g glucose, 200 ml distilled 
water 1.5% nutrient agar, 1% peptone, 0.8% lab lemco, 0.5% NaCl and 
2.8 g Oxoid yeast extract. (Ill) 100 ml tomato juice (oxoid).
Prepare part II of medium and autoclave at 15 lbs for 15 minutes.
Cool to 45°C. Neutralize tomato juice with 40% KOH. Mix all 
ingredients well and dispense aseptically into test tubes.
The molten medium was inoculated with 1 ml of young broth culture.
It was placed in an ice bucket to solidify and stoppered with sterile 
molten agar. Incubation was at 30°C for up to 7 days. Heterofermenters 
cracked the semisolid agar and usually blew up the agar seal.
Growth in .1% Teepol
.1 ml Teepol was added to 10 ml MRS broth. To this, a drop of culture 
medium was added and incubation was at 30°C for 5 days. Turbidity 
indicated growth.
Growth in 10% ethanol
1 ml ethanol was added to 10 mis MRS broth after addition of a drop of 
culture, incubation was at 30°C for 5 days. Turbidity indicated growth.
Growth in 4% NaCl
4% NaCl in MRS broth was inoculated and incubated at 30°C for 5 days.
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MRS broth was prepared without glucose and meat extract. 0.004% w/v 
chlorophenol red was used as an indicator (de Man, Rogosa and Sharpe, 
1960) Bijous containing inverted Durhams tubes were used for this test.
2 drops of 10% sugar solution (filter sterilised) were added to the 4 ml 
base. In case of lactose and galactose, 4 drops were added to allow for 
adaptive fermentations that occurred only when a sufficient substrate 
was present (Rogosa et al., 1953). A young culture from an MRS or 
Rogosa plate was washed off with saline and used as inoculum. Incubation 
was at 30°C for up to 20 days. Recording was done daily. A yellow 
colour indicated acid formation and an air space in the tube suggested 
gas production. The following sugars were used:- amygdalin, cellobiose 
galactose, lactose, maltose, mannitol, mellibiose, raffinose, rhamnose, 
salicin, sorbitol, sucrose, trehalose and glucose.
Sugar fermentation tests
Api tests .
identification results.
were done to compare the original
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In the identification of the other lactic acid bacteria, the methods 
followed were of Gunther et al., 1961, Jensen et_ al_. , 1954, Nakagawa 
et al., (1959), Goster et a l ., (1964), Pederson (1949), and Solberg 
et al., (1961) for Pediococci; Garvie (1960), Hucker et al., (1930) 
and Whittenbury (1966) for Leuconostocs and Sherman (1937) and 
Friedemann (1939) for the streptococci.
Microscopy - Gram's strain
Pediococci, because of cell division along two planes, were characterised 
by tetrad formation. Leuconostocs were usually egg-shaped cells 
appearing in most cases, in pairs and the streptocci had a tendency 
towards chain formation.
Growth at 10° and 4Q°C
10 ml MRS medium (Oxoid) was inoculated with a drop of young broth 
culture and incubated in a water bath for up to 3 days. Turbidity 
indicated growth.
Growth in 6.5% NaCl
MRS broth containing 6.5% NaCl was inoculated with test organism and 
incubated at 30°C for 3-5 days. Turbidity indicated growth.
Growth at pH 9.6
MRS broth adjusted to pH 9.6 with .IN NaOH was inoculated and incubated 
at 30°C for 3-5 days. Growth was indicated by turbidity.
Litmus milk
Litmus milk (Oxoid) was distributed into tubes and sterilized by 
autoclaving at 15 lb for 5 minutes. The cooled medium was inoculated, 
covered with sterile liquid paraffin and incubated at 30°C for up 
to 14 days. The effect on milk was observed.
2. Leuconostocs, Pediococci and Streptococci
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Goat blood (5% v/v) in Blood agar base was used to show haemolysis. 
Duplicate plates were streaked, one incubated aerobically and the other
Haemolysis
as either 3-haemolytic, if they produced clear zones around colonies, 
a-haemolytic if a green zone was produced and yhaemolytic if no 
haemolysis was observed.
Aesculin hydrolysis
10 ml aesculin broth was inoculated with a drop of young culture and 
oincubated at 30 C for up to 14 days.
Survival at 60°C for 30 minutes
10 ml Litmus milk, previously placed into a 60°C hot water bath was
inoculated with .1 ml young broth culture. After 30 minutes, a drop
was drawn and plated on MRS agar. Both plate and Litmus milk were 
oincubated at 30 C for 7 days to observe growth or reaction on Litmus 
milk.
Arginine hydrolysis
The method of Brigg followed. Broth cultures were incubated at
Reduction of methylene blue (M.B.)
To 100 ml skimmed milk was added 1 g Methylene blue. The dispensed 
medium was sterilised at 15 lb for 5 mins. Inoculated broth was
anaerobically at 30°C (Gunther et a^. , 1961). Organisms were recorded
30°C for 3-5 days before testing for hydrolysis.
incubated at 30°C for up to 14 days. Reduction of M.B. was indicated 
by change of colour from blue to white.
Dextran formation
Medium (Garvie I960)
1% tryptone, 0.5% Wastrel, 0.5% K^HPO^ 0.5% ammonium citrate, 5% sucrose 
and 2% agar. Medium was poured into plates, streaked with test organism 
and incubated at 30° for 3-5 days. Dextran-producing bacteria produced 
colonies with a domed elevation and stringy texture.
CO2 from glucose
The method of Gibson et al_. , was used and incubation was at 30°C for, 3-5 
days.
Carbohydrate metabolism
MRS broth (without glucose and meat extract) was used as our basal medium. 
Sugars tested were:- arabinose, glycerol, lactose, mannitol, raffinose, 
galactose, sorbitol, sucrose, maltose, mannose, dextrin and glucose.
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In the identification of yeasts, the key of Barnett and Pankhurst (1974) 
together with the outlines of Lodder (1970) ,  Ingrain (1955), Barnett et al., 
(1955 and 1979), Wickerham (1951, 1952, 1946) and Wickerham et al., 1948 
were followed. The following tests were performed. Colony morphology 
and pigment formation were observed.
Growth at 37°C
Malt extract agar (Qxoid CM59) was used, 
incubated in a 37°C constant temperature 
was regarded as a negative test.
Growth in 60% glucose
3. Yeasts
Malt extract agar with 60% glucose instead of 19% was prepared. Plates 
were streaked and incubated at 25% for up to 7 days and observed for 
growth.
Pellicle formation
Isolates were inoculated into tubes containing nutrient broth and incubated 
at 25°C for up to 7 days. Pellicle formation was observed.
Ascospore formation
Gorodkowa's modified agar containing peptone (1%), glucose (.25%) NaCl 
(0.5%) and agar (2%) set in slants. Sporulation normally occured within
3-4 days (Lodder, 1970 and Collins et al., 1976).
Conklin's modified spore stain was used to observe spores.5% (w/v) aq. 
malachite green was poured onto a heat-fixed smear and the slide was 
kept over steam for IO minutes. After washing under the tap, safranin 
was added to counterstain.
Plates were streaked and 
room. No growth after 5 days
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2 petri dishes containing agar were used. A yeast inoculum was streaked 
on one plate and this inoculated plate was inverted over the other 
plate. The two plates were sealed together with sellotape before being 
incubated at 25°C for up to thirty days. A reverse image of the streak 
was formed on the lower dish if spores were produced.
Yeast assimilations
For most carbohydrates tested, auxanograms were done using the plate 
techniques of Barnett &t al_., (1955) and Lodder (1970). The exception 
was the test for the assimilation of alcohol which was carried out in a 
test tube as suggested by Stelling-Dekker (1931) for volatile 
compounds.
The carbon assimilation medium consisted of 500 ml distilled water 15 g 
agar, 0.5 g MgSO^, ^E^O, 5 g ammonium sulphate and 1 g potassium 
dihydrogen orthophosphate. The medium was autoclaved at 10 lb for 
15 minutes in universal bottles.
The nitrogen assimilation medium consisted of: glucose (2%), KH^PO^
(0.1%) MgSO^, 7aq. (0.05%) and agar (2%). The medium was autoclaved 
at 10 lb for 15 minutes in universal bottles.
Actively growing cells were transferred to a starvation medium low in 
carbon or nitrogen source depending-on the test to be carried out prior 
to running the assimilation tests. This was done because well fed 
cells carry reserves of carbon as glycogen (Steir et a l ., 1936) and 
nitrogen compounds (Hartelius 1934) which disappear as the yeast is 
starved.
.25 ml of cell suspension in sterile water was added to a bottle
containing the molten assimilation medium and plates were poured with
medium which was allowed to set. 5 mm diameter discs of blotting paper 
containing the test carbohydrates or nitrogen source were placed on
the surface of the agar. Only 4-5 discs were placed on each plate to
avoid diffusion. Plates were incubated at 25°C for 2-4 days.
Ballistospore formation
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Yeast fermentation tests
Cells were washed off from malt extract agar using Ringer's solution.
2 drops of cell washings were added to 15 ml Andrades peptone water in 
test tubes with inverted 75 x 9 mm gas tubes. 2-3% sugar concentration 
was added. The larger volume in this case is said to encourage fermentation 
instead of oxidation because oxygen tension is lower (Collins et_ al.,
1976).
4. Enterobacteriaceae
For the identification of Enterobacteria, both physiological and 
biochemical tests were used to follow outlines by Kauffmann et al., 
( 1 9 5 6 ) ,  Kauffmann, ( 1 9 5 3 ) ,  Hormaeche et al., ( 1 9 5 6 ) ,  Ewing ( 1 9 6 3 ) ,  
Hormaeche et^  a l . ,  ( 1 9 60 )  and Cowan et al., 19 74 .  Pigment formation 
was noted.
Motility
The hanging drop method was used for the determination of motility. 
Capsule formation
Organisms were grown on a special medium (Duguid, 1951) made up of:- 
distilled water 100 ml, maltose 0.5g, bactopeptone 0.05 g, anhydrous 
Na2HP04 0.75 g, KH2P04 0.25 g, NaCl 0.2 g, K2S04 0.1 g, MgS04 0.01 g, 
CaCl2 0.001 g, Fe S04 0.0001 g and agar 2 g. The presence of capsules 
was demonstrated on wet film India ink stain.
MR-VP test
Two 5 ml bottles of MR-VP medium (Oxoid) were inoculated with a loopful 
of young culture and incubated at 37°C for 48 hours. For the methyl 
red test, a few drops of 0.04% methyl-red solution were added and a red 
colour production was regarded as a positive test.
For the Voges-Proskauer test a trace of creatinine and 5 mis of 40% KOH 
were added. The bottle was shaken for about 10 minutes. A pink colour 
indicated a positive test.
Indole formation
Tryptone broth was inoculated with young test cultures and incubated 
for 2-5 days at 37°C. bc/oKc a d d i t i o n  0 f  V e A ^ h .
54
Kovac's . indole /efljen-1;
5 g of p-dimethylaminobenzaldehyde was dissolved in a mixture of 75 ml 
amyl alcohol, and 25 ml of concentrated sulphuric acid.
A few drops of this reagent were added to broth culture and a rose 
pink colour in the reagent layer indicated the presence of indole.
Citrate as carbon source
Koser citrate medium (Qxoid) was inoculated lightly (using a wire) with 
the test organism and incubated at 37°C for up to 7 days. Turbidity 
indicated a positive test while lack of turbidity showed that citrate 
was not utilised.
Gelatine liquefaction
Oxoid nutrient gelatine bottles were stab-inoculated with the test 
organism and incubated at 37°C for 3 days. The bottles were then 
transferred to a refrigerator before observation.
Urease production
The method of Christensen (1946) was used. Sterile molten Urea Agar 
base (oxoid) was mixed aseptically with urea 40% (Oxoid) and dispensed 
into bijous. The slants thus formed were stab-inoculated with test 
organism and incubated at 37°C. The development of a purple-red colour 
in positive tests was a result of the hydrolysis of urea to form ammonia.
Malonate and Phenylalanine tests 
Medium (according to Shaw al., 1955)
To 1000 ml of distilled water was added (NH^^SO^ 2 g, KH^PO^ 0.4 g, 
K^HPO^ 0.6 g , NaCl 2.0 g, sodium malonate 3.0 g , DL-phenyl-alanine,
2.0 g , yeastrel 1.0 g and 5 ml of 0.5% bromthymol blue in ethanol.
The medium was distributed in 5 ml volumes and autoclaved at 15 lbs for 
15 minutes. The inoculated medium was incubated at 37°C for 24-48 hours.
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Malonate utilization
A blue colour indicated malonate utilization while green was negative for 
this test.
Phenylalanine deaminase
.1 NV.HC1. was added dropwise until the colour was yellow. A few drops 
of 10% ferric chloride were added and a resultant dark green colour 
indicated the deamination of phenylalarine to phenylpyruvic acid.
Nitrate reduction
Nitrate broth
JDOO^I
1 g potassium nitrate was mixed with/nutrient broth (Oxoid) and dispensed 
into bijous containing inverted Durham's tubes before autoclaving at 
10 lbs for 20 mins.
The medium was inoculated and incubated at 37°C for 3-5 days.
1) Gas formation in the Durham tube indicated a reduction to gaseous 
products, mainly nitrogen.
2) Test for nitrite by addition of 1 ml of nitrite test reagent 1.
(0.8% sulphanilic acid in 5N acetic acid) followed by 1 ml of nitrite 
reagent 2 (0.6% dimethy1-a-naphthylamine in 5N acetic acid. A red 
colour indicates the presence of nitrite.
3) If nitrite was absent, a few grains of zinc dust were added to the 
culture. If nitrate was present it would be reduced to nitrite resulting 
in a deep red colour.
H^S from TSI
Triple Sugar Iron agar (Ckoid) was stab-inoculated and incubated at 37°C 
for 2-5 days. Lead acetate paper was inserted at the neck of the tube 
to detect traces of f^S. In cases of strong production, the agar 
turned black.
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Lysine and ornithine decarboxylases 
Medium (according to Miller 1955)
To 990 mis distilled water was added peptone 5 g , lab lemco 5 g, 
pyridoxine HC1 5 mg, glucose 0.5 g. The pH was adjusted to 6.0, 5 ml 
of 1:500 bromccesol purple and 2.5 ml 1:500 cresol red was added and 
the total volume made up to 1000 ml. The medium was divided into 3 
batches. To one was added 2 g% DL-lysine (pH adjusted to 6.0 with 
.1 N NaOH - to the second batch, 2 g% DL-ornithine and similarly the 
pH adjusted to 6.0. The third batch was a control. The medium was 
dispensed into small test tubes and was sealed with sterile parrafin 
before inoculation with a wire. Incubation was at 37° for up to 3 days 
and a violet colour indicated a positive test while yellow was negative.
Gluconate
Medium
To 1000 ml distilled water was added peptone 1.5 g, yeast extract 1.0 g, 
K^PO^ 1.0 g potassium gluconate 40 g and dispensed in 5 ml quantities.
The medium was inoculated with the test organism and incubated at 37°C 
for 48 hours. 5 ml of Benedict's qualitative reagent (sodium citrate 
17.3 g, Na2C02 (anhydrous) 10 g, CaSO^, 5 ^ 0 ,  1.73 g and water to 100 ml) 
was added to culture broth and test bottles placed in boiling water.
A yellow to brick red or orange precipitate of cuprous oxide indicated 
the conversion of gluconate to 2-ketogluconate.
3-Galactosidase production 
rf j ONPG solution (Lowe, 1962)
Orthonitrophenyl-a-galactopyranoside 0.6 g and 0.01 M sodium phosphate, 
distilled water 100 ml, pH 7.5. Solution was dissolved and filter 
sterilised.
Medium in each tube
ONPG solution 0.5 ml and peptone water (Oxoid) 1.5 ml.
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Inoculate, incubate at 37°C overnight. The development of a yellow 
colour was due to the release of orthonitrophenol from ONPG.
Arginine dihydrolase (Niven et_ al., 1942)
Medium
.5% yeast extract, .5% tryptone, .2% k^HPO^, .05% glucose and .3% 
d-arginine monohydrochloride. Arginine broth was inoculated and 
incubated at 37°C for 24 hours. .25 ml of Nessler's reagent was used 
to test for arginine hydrolysis.
Fermentation tests
Andrades peptone water (oxoid) was used as a basal medium for fermentation 
tests. The medium was dispensed into bijous containing inverted Durham's 
tubes. Incubation was at 37°C for up to 14 days. Gas formation was 
indicated by formation of an air space in the Durham's tube and acid 
production resulted in the formation of a pink colour.
Carbohydrates tested were:- adonitol, arabinose, dulcitol inositol, 
lactose, maltose, mannitol, rhamnose, salicin, sucrose, trehalose and 
xylose.
5 8
In the classification of this group, outlines and methods of 
Baird-Parker (1963), (1965 a and b) and (1974) and Evans et al., (1955) 
were followed. The following tests were conducted in the classification.
During microscopy the size and arrangement of organisms was noted. 
Pigmentation of the colonies was also observed.
Growth at 10° and 45°C
A drop of young broth culture was added to 10 ml of nutrient broth.
Incubation was for 3 days at 10° and 45° in a water bath with a 
-fc ofluctuation of - .2 C. Turbidity indicated growth.
Growth in NaCl
Nutrient broth containing 5% and 15% NaCl was inoculated with 1 drop 
young broth culture and incubated at 37°C for 3 days. Turbidity 
indicated growth (Chapman, 1945).
O/F test
The Baird-Parker modification of Hugh and Leifson's medium was used. 
Incubation was at 37°C for up to 14 days.
Voges-Proskauer test
After inoculating the MR-VP medium, incubation was at 37°C for 48-96 
hours, before testing for acetoin production.
Nitrate reduction
5 .  S t a p h y l o c o c c i  a n d  M i c r o c o c c i
I n c u b a t i o n  w a s  a t  3 7 ° C  f o r  u p  t o  1 4  d a y s  ( B a i r d - P c } r k e r  1 9 6 3 ) .
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Frazier's gelatine plates composed of nutrient agar plus 0.4% gelatine 
were used. Inoculated plates were incubated at 37° for 3-5 days. Plates 
were then flooded with acid mercuric chloride (12 g mercuric chloride 
+ 16 ml HC1 + 80 ml water) to precipitate gelatin. Clear zones indicated 
gelatine hydrolysis.
Urease production
Christensen's urea agar was stab-inoculated with a straight wire and 
incubated at 37°C for 3-5 days.
Arginine dihydrolase
Arginine broth (Niven et al., 1942) was inoculated with a drop of young 
broth culture and incubated at 37° for up to 14 days (Baird-Parker 1963)
Phosphatase production 
Medium
100 ml sterile molten Blood Agar Base (Oxoid) cooled to 45°C was mixed 
with 1 ml filter sterilized phenolphthalein phosphate (oxoid) and 
poured into plates.
The inoculated plates were incubated at 37° overnight and the plate 
exposed to ammonia vapour. Phosphate positive colonies became bright 
pink. (Barber ert al. , 1951) .
Coagulase
Citrated, heparinized rabbit plasma was used fo r  ih e  s lid e  m d k o d .
G e l a t i n e  l i q u e f a c t i o n
2 drops of normal saline were placed on a clean slide. A loopful of 
culture from an agar plate was emulsified on each of the drops. A 
drop of undiluted plasma was added to one suspension and observed for 
clumping. The second suspension acted as a control.
A e s c u l i n  h y d r o l y s i s
10 ml Aesculin broth was inoculated with a drop of young culture and 
incubated at 37°C for up to 7 days.
Starch hydrolysis by diastase
Starch agar plates made up with 1% potato starch in nutrient 
agar were inoculated with test organism and incubated at 37°C for 
5 days. Plates were flooded with Lugol's iodine solution. Areas of 
hydrolysis showed as clear iodine stained areas, while unhydrolysed 
starch turned blue-black.
Casein hydrolysis
Medium
Sterile molten nutrient agar (double strength) 500 ml and sterile 
skimmed milk 500 ml were mixed and distributed into petri dishes.
Inoculated plates were incubated at 37°C for 3-5 days and clearing 
around the streaks indicated casein hydrolysis.
Lipolysis o|^ Jvog,en
Medium
To 1000 ml distilled water was added:- peptone 10g, NaCl 5.0g, CaCl 
O.lg, and agar. The medium was autoclaved at 15 lb for 15 min and 
cooled to 45°C before adding 1% autoclaved Tween 80. The medium 
was dispensed into petri dishes. Streaked plates were incubated 
at 37°C and observed for opaque halos of growth around colonies 
which indicated lipolysis.
61
Egg Yolk reaction 
Medium
10 ml of egg yolk emulsion (.Oxoid) was added to 10O ml sterile molten 
Blood Agar base (Oxoid) to which had been added 1% more NaCl to clear 
the medium. Plates were incubated at 37°C for 5 days and opalescence 
around growth indicated lecithinase activity.
Hippurate hydrolysis
The medium consisted of 1% peptone, 0.5% (w/v) yeast extract, 0.5% 
(w/v) glucose, 1% (w/v) sodium hippurate, 0.5% (w/v) sodium chloride,
0.1% Cv/v). Tween 80, 0.5% salts A, 0.5% salts B and 2% agar.
Lightly inoculated slopes of hippurate agar were incubated at 37°C 
for up to 10 days. Hippurate hydrolysis was indicated by growth 
and a pink colour due to alkali production.
Carbohydrate fermentation tests
Andrade’s Peptone water was used as the basal medium for fermentation. 
Sugars tested were:- arabinose, cellobinose, dextrin, galactose, 
glycerol, inositol, lactose, maltose, mannitol, raffinose, rhannose, 
salicin and xylose.
6 2
6.
Bacillus
The outlines of Smith, et al (.1937 and 1952) were followed in the 
identification of Bacillus sp.
The Gram stain had to be made of young cultures because they tended 
towards gram negativity with age.
Motility
The hanging drop method was used.
Spore shape and position
Spore stain, Conklin1s modification of Wirtz method was used.
1; A heat fixed smear was stained with 5% (w/w) aqueous malachite
green and kept steaming for 10 min making sure that the stain did 
not dry up.
2: The stain was washed for 30 seconds under a tap.
3: Then it was counterstained with .5% aqueous safranin for
15-30 seconds then washes in running water and blotted dry.
Spores were either cylindrical (x) or round (y); terminal (T), 
central (,U) "or subterminal (V) .
Growth at 45° and 65°C
10 ml of nutrient broth was inoculated with 1 drop (from a pasteur 
pipette) of young broth culture and incubated at 45°C and 65°C in a 
water bath for 48 hours. Growth was indicated by turbidity.
Growth, in 7% NaCl
Nutrient broth with 7% NaCl was inoculated with young broth culture 
and incubated at 37°C. Growth was observed for 3-5 days.
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Inoculated Koser’s citrate medium was incubated at 37° for 3-5 days.
VP test
MRVP medium was inoculated and incubated at 37°C for 3-5 days before 
testing with 40% KOH.
Gelatine hydrolysis
The method of Frazier was used and incubation was at 37° for 3-5 days. 
Starch hydrolysis
1% starch plates were inoculated and incubated at 37°C for 3-5 days 
before testing for starch hydrolysis.
Nitrate reduction
Nitrate broth was inoculated and then incubated at 37°C for 3-5 days 
before testing for reduction.
Casein hydrolysis
Milk plates were inoculated at 37° for 3-5 days before being observed 
for hydrolysis.
Urease production
Christensen Urea agar was inoculated and incubated at 37°C for 
3-5 days.
Lecithinase
Inoculated Egg-yolk agar plates were incubated at 37°C and observed 
for opacity around the colonies which was due to activity of 
lecithinase.
U t i l i s a t i o n  o f  c i t r a t e
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Carbohydrate metabolism
Ammonium Salt sugars; The basal fermentation medium of Smith et al 
(.1952) was used. To 100 ml distilled water was added:- lg (NH^J^HPO^, 
.2 g KC1, .2g MgS0^.7H20, .2g Yeast extract, 20 g agar and 4 ml 
(.2% solution) bromcresol purple. The medium was set into slopes 
after autoclaving at lolbs for 20 minutes, cooling, and addition 
of 1% test sugars.
The medium was stab inoculated and incubated at 37°C for up to 14 
days, A positive test was indicated by the change in colour from 
purple to yellow.
Sugars tested were:- glucose, arabinose, mannitol and xylose.
Litmus milk
Inoculated milk was sealed with sterile liquid paraffin and
incubated at 37°C for up to 7 days. The reaction of milk was observed
daily.
CO2 from glucose
The method of Gibson and Abd- el Malek was used. Incubation was 
at 37°C for up to 7 days.
Anaerobic growth
Glucose broth test tubes, that had been inoculated with test cultures 
were incubated in an anaerobic jar containing a BBL gas pak. After 
5 days tubes' were observed for growth.
Haemolysis 0^  b lo o d •
Blood agar plates were incubated anaerobically at 37°C for 3-5 
days and observed for lysis of blood cells.
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The outline of McMeekin et al.f (1971) was followed for the bio­
chemical tests used to classify flavobacteria.
Yellow pigmentation was noted.
Motility
The hanging drop method was used.
Nitrate Reduction
Inoculated nitrate broth was incubated at 25°C for up to 5 days. 
Gelatin liquefaction
Frazier's method was employed. Incubation was at 25°C for 1 week. 
Indole formation
Inoculated tryptone broth was incubated at 25°C for 5 days.
Methyl Red
MRVP medium was inoculated and incubated at 25°C for 5 days before 
testing with. M.R. solution.
Citrate utilisation
Lightly inoculated citrate broth, was incubated at 25°C for 1 week 
and observed for growth.
Urease production
7 .  F l a v o b a c t e r j u m
Christensens urea medium (oxoid) was inoculated and incubated at 
25°C for 5 days.
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Phosphatase
1% Phenolphthalein phosphate plates were streaked and incubated at 
25°C for 5 days before exposure to ammonia to test for phosphatase 
activity.
Starch hydrolysis
Inoculated 1% starch plates were incubated at 25°C for 5 days, 
Lipolysis
1% Tween 80 plates were inocula,ted with, test culture and incubated 
at 25°C for 5 days and observed for hydrolysis.
Phenylalanine deaminase
The medium of Shaw et_ al. (.1955) was used. Incubation was at 25°C 
for 5 days.
Arginine dehydrolase
Arginine broth (Niven et a H  1942) was inoculated and incubated at 
25°C for 5 days.
H?S from TSI
Stab-inoculated medium was incubated at 25°C for 5 days.
Casein hydrolysis
Skim milk agar plates inoculated and incubated at 25°C for 5 days. 
Zones of clearing around growth indicate casein hydrolysis.
Litmus milk reduction and proteolysis
lO ml Litmus milk was inoculated with .1 ml broth culture and
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incubated at 25°C for up to 14 days. Reduction of Litmus was noted 
by a change in colour from purple to white. Proteolysis was 
observed by clearing and loss of opacity in the milk medium called 
peptonization.
Lysine decarboxylase
Miller’s method was used. Incubation was at 25°C for 5 days.
8 .  M o u l d s
Media for the isolation of moulds included: Czapek-'Dox (Oxoid),
Yeastrel extract agar with. 50 ppm oxytetracycline and Rose Bengal 
agar with chloramphenicol.
Moulds were differentiated into genera on the basis of morphological 
characteristics.
Colonial characteristics: size, surface, appearance, texture and 
colour of the colony.
Vegetative mycelium: presence or absence of cross walls and thick­
ness of hyphae.
Asexual and sexual reproductive structures: eg. sporangia, conidial 
heads, zygospores or arthrospores.
Gross colonial characteristics were observed under xlO objective of 
the microscope.
Preparation of slides
Medium Lactophenol cotton blue for wet mounting and staining of 
moulds (Harrigan 1976).
Cotton blue solution
10 ml soluble aniline blue, 10 ml glycerol and 80 ml water.
Mix equal parts of lactophenol and cotton blue solution.
The outermost portion of growth of the mould from a 5-day old plate 
was picked off with a scalpel and needle and teased out on a slide 
in a drop of lactophenol cotton blue solution. A clean cover slip 
was placed over the stain and air excluded by passing the slide 
over a gentle flame. The slides were examined under the microscope,
first at low power and then using the x4o objective.
Identification was done by following the keys in Smith (1969), 
gf-al,
Harrigaryjtl976) and Gilman (.1959) .
Penicillium, sp., Fusarium sp., Aspergillus sp., Mucor sp. and 
Rhizopus sp. were all isolated from maize meal.
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For the genus Lactobacillus, API tests were run to compare results 
with those of the previous two methods. The API 50 CHL kit was 
used. This allowed the fermentation of 49 carbohydrates.
The directions are sketched on figure 7. A suspension was made in 
the medium with the unknown to be tested and each tube of the gallery 
was inoculated. After inoculation, the carbohydrates were fermented 
to acids which produced a decrease in pH that was detected by the 
colour change of the indicator. Results made up the biochemical 
profile of the strain and were used in its identification.
b .  A P I  t e s t s
Preparation 
of strain Specimen
Direct
examination
24-48 hours at 30°C
□ Subculture in the 
MRS medium x 3 
successive days
Incubate at 30°C
Identification Suspension in 1-2 ml 
of physiological serum 
or distilled water
Homogenize in 
the API 50 CHL 
medium
Adjust the 
suspension in 
distilled water
Inoculate 
the API 50 
CH gallery
Incubate at 30°
Read 3 hours, 6 hours, 24 hours, 48 hours 
then interpret
Figure 7. Sequence to be followed when using A P I  tests 
for identification (API Literature)
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MRS broth was used to make the cell suspension. (It was reported 
that cultures from solid media had been found to be slower to 
acidify API 50 CHL than those from broth..) (API literature)
Cells were homogenized in API 50 CHL medium which was made up of: 
peptone lOg, yeast extract 15g, Tween 80 1 ml, dipotassium phosphate 
2g, magnesium sulphate .7 H2O .20g, manganese sulphate .4 H20 .05g, 
bromcresol purple .17g and 1000 ml distilled water. pH = 6.9 - 7.0.
8 ml of water was put into the incubation tray to keep it moist.
Then the galleries on five strips were placed in the tray.
Inoculation of the galleries was done with a sterile pasteur pipette, 
avoiding formation of bubles. The capsules were then filled with 
mineral oil and incubation carried out at 30°C. Results were 
compared with profiles of known strains.
X  Aided and Unaided fermentations
Aided ferments
3) method
Fermented meal was used as a 'starter1. 10% (v/v) of the carry over 
material from a previous fermentation was added to the new ferment 
and incubation was at 30°C. The fermentation rate was compared 
with that of maize meal fermented without the aid of any starter.
The parameters used in comparing the different types of ferments were 
pH, plate counts, acceptability to a taste panel and direct micro­
scopic counts of selected groups of organisms.
^ Effect of addition of amylases and amylase inhibitor on fermentation 
rate of ting
To IOO ml sterile distilled water and 25g sterile irradiated meal 
was added:-
Set I 1 mg alpha amylase (Sigma) from barley malt with an activity 
of 1-3 units/mg solid. (One unit of alpha amylase will liberate 1 mg 
maltose from starch in 3 minutes at 37°C and pH 6.9.)
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Set II 1 mg beta amylase (Sigma) from barley with an activity of 
approximately 10 units/mg protein. (One unit will liberate 1.0 mg 
of maltose from starch.)
Set III (.5 mg alpha amylase plus .5 mg beta amylase.)
Set IV 1 mg alpha amylase inhibitor (Sigma) from wheat seed 
containing approximately 50% protein and with an activity of 
2,000 - 3,000 units/mg protein. (One unit is that quantity of 
inhibitor which, after preincubation at 25°C will reduce the 
activity of alpha amylase by 50%.)
Fermentations were done in triplicate and allowed to proceed for 
six days at 20°, 25°, 30°, 37° and 44°C. pH was monitored throughout 
this period and used as an indication of rate of fermentation.
Plate counts were done on MRS agar (incubated microaerophillically) 
at 30°C, nutrient agar incubated at 37°C and Yeastrel Extract agar 
plus 50 ppm oxytetracycline at 25°C.
Evolution of gaseous products was also observed and used as an 
indication of the rate of fermentation.
Detection of CO? from gas evolved during maize meal fermentation
The evolution of gaseous products was observed during the fermen­
tation of meal at various temperatures. An attempt was made tocklermme. 
•the presence Co^ at 30°<1 „ a glass tube was led from the fermenting 
jar into a jar containing Ca(OH) 2 solution.
Fermentation was allowed to take place at 30°C. A change in colour 
of the solution to white indicated presence of carbon dioxide.
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Inoculation experiments using single and multiple cultures as 
1 starters 1 of the fermentation
Organisms that had been isolated from a naturally fermenting ting 
were combined to form starter cultures that could be used in 
controlled ting fermentation.
In order for any organism to be incorporated into the starter, it 
had to satisfy one or more of the following conditions:
1) It had to grow in maize meal over a definite range of tempera­
ture in order to impart to it some metabolites that could be 
characterstic of ting.
2) It had to reduce the pH of meal from 6 to the desired 3.5.
Initially, it was felt that the organism would have to be able to
produce acid from either starch or its various components since 
they made up the major component s of meal
3) It had to produce the characteristic ting aroma.
4) It had to produce the characteristic carboxylic acids.
(i) Treatment of maize meal for use in starter work 
Three types of maize meal were used in this study.
1) Untreated meal
Maize meal as supplied by the manufacturer.
2) Autoclaved meal
fi'j U s e  o f  S t a r t e r s
Maize meal was sealed in 50g or lOOg packets in aluminium foil and 
autoclaved at 15 lbs for 15 minutes.
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Maize meal was sealed in 50 g or 100 g lots in plastic bags. Air was 
evacuated from the bags prior to sterilisation treatment with 5 M rads 
of gamma rays for 30 minutes.
ii) Storage of cultures used in starter work storage media
Stock cultures were stored at 4°C in MRS agar + 1% CaC03 (Davies,
1935) and renewed every 3 months. The exception was L. fermentum
.apparentwhich was streaked every 4 weeks due to its/sensitivity to cold.
At the same time all cultures were freeze dried to allow for extended 
storage time. Two media were used for freeze drying the different 
cultures:
serum plus 10% glucose - yeasts
other organisms 
skimmed milk - Lactic acid bacteria
iii) Monitoring changes during fermentation.
Acidity calculations
Titratable acidity expressed as degrees Soxhlet Henkel (°SH) was 
determined by titration of 10 ml of the filtrate with .1 N NaOH 
using phenolphthalein as indicator (.05% phenolphthalein in 50% 
alcohol solution). To obtain °SH units, the number of mis of NaOH 
was multiplied by 4 (Schweigart,1971).
pH determination
pH was measured with an EIL model 38b pH meter.
iv) Use of starters in fermentation 
Pure culture work
Isolates from fermenting maize meal were tested for their ability;
1) to grow in maize meal at various temperatures
2) to produce acidity over a range of temperatures
3) to produce a desirable aroma as detected by smell
3 )  I r r a d i a t e d  m e a l
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4) to produce a good ting taste
5) to produce volatile and non-volatile acids characteristic of ting. 
Growth in meal
Maize meal previously sterilized by irradiation was used. 100 gms of 
meal was mixed with 400 ml sterile distilled water. 8 ml of Ringer's 
solution washings from a plate culture was added to the meal mixture. 
Incubation of the inoculated bottles was at 15°, 20°, 25°, 30°, 37° 
and 44°C for 5 days.
On each day, samples were drawn from the bottles and plate counts 
made. Dilutions were made with .1% peptone water and various media 
used depending on the organism being cultured:
Lactic acid bacteria - MRS agar 
Yeasts - Malt extract agar
Other organisms - Nutrient agar
Organisms were also noted for their ability to form gases during 
growth.
pH changes during growth
Universal bottles (20 per isolate per temperature) were used. 3 g 
of meal was mixed with 15 mis sterile distilled water and .1 ml of 
inoculum (washed off with ringer's solution) added. Bottles were 
incubated at 15°, 20°, 25°, 30°, 37° and 44°c over 5 days. On
each day, four bottles were removed, and the pH determined. The
bottles were then discarded. A pH plot for each temperature was 
then drawn.
Production of aroma
Culture bottles used for determining growth rates in maize meal at 
30° were used. 16 panelists were given the 5 day old cultures to 
smell and thus assess the aroma on a ten-point scale.
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All organisms except the Bacillus groups and Staphylococcus/Micrococcus 
group were used for taste studies. Irradiated meal in distilled water 
was inoculated with Ringers solution washings of test culture. After 
incubation at 30°C for 5 days, the meal was cooked and given to a 
panel of 16 for assessment.
Production of volatile and non-volatile carboxylic acids
A GLC analysis of pure culture fermentation was done. This was then 
compared to a GLC chart of normally fermented meal.
Effect of ting isolates on the components of starch
Since maize meal is made up of non-germinated grain with a low 
reducing power and since the largest component of meal (over 80%) was 
made up of starch, the ability of individual isolates to break down 
starch or its components would be advantageous for their inclusion 
into starters.
Fermentation tests with .1% of carbohydrate in 10 ml basal broth 
(Andrades for enterobacteria, Bacillus sp, staphylococci, micrococci, 
yeasts and flavobacteria; and MRS in case of lactic acid bacteria) 
were run.
Carbohydrates used were potato amylopectin (Sigma) , amylose (sigma), 
corn dextrin (Sigma, containing 5% or less reducing sugars) and 
corn starch (sigma, made up of 75% amylopectin and 25% amylose).
Fermentation bottles were incubated at .15°, 20°, 25°, 30°, 37° and 
44°C for 5 days and colour change noted as an indication of acid 
production.
P r o d u c t i o n  o f  t i n g  t a s t e
The above information was taken into account when recombining 
organisms in the formation of starters.
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Incorporation of starters into ferments
Organisms selected for use in the starters were plated out and
incubated at appropriate temperatures. They were then inoculated
i n  d is b lle c f  i* a t e r
into maize broth (1% maize meal w/v/and then autoclaved at 15 lbs/
15 minutes) and incubated at 30° for 24 hours (this was repeated
twice to adapt the organisms to maize meal). Starters were prepared 
by combining equal volumes of maize broth cultures. In the fermentation
of meal, 2% of the starter was used.
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VI. Carboxylic acid analysis 
G.L.C. analysis
A Perkin-Elmer Pll Gas chromatograph with flame ionization was used 
for analysis under the following conditions.
Column: 5% PFAP on Chromosorb G.
Temperature - 145°C
2Air - 28 KN/m
Hydrogen - 16 KN/m^
and a flowmeter reading of 4.
Standards used 
Volatile fatty acids
To 100 ml of distilled water was added
acetic 0.057 ml *
propionic 0.075 ml
isobutyric 0.092 ml
butyric 0.091 ml
isovaleric 0.127 ml
valeric 0.125 ml
isocaproic 0.126 ml
caproic 0.126 ml
heptanoic 0.126 ml
ethanol .1 ml
* these amounts represent approximately 1 meq of each acid.
Nonvolatile acid standard
To 100 ml of distilled water add: 
pyruvic acid 0.068 ml
lactic acid (85%) 0.084 ml 
oxalacetic acid 0.06 g
oxalic acid 0 . 0 6  g
malonic acid 0.05 g
fumaric acid 0.06 g
s u c c i n i c  a c i d  0 . 0 6  g
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20 mis of the fluid from the fermenting flask was drawn after vigorous 
shaking. The extract was centrifuged twice at 5000 rpm for 10 minutes. 
It was then filtered through number I Whatman filter paper and the 
filtrate used for analysis of carboxylic acids.
The filtrate was acidified to pH 2 using 50% aqueous ^SO^.
a. Analysis of volatile fatty acids and alcohol
1) 1 ml of acidified extract was pipetted into a conical reacti-vial.
2) 1 ml of ethyl ether was added and the vial was stoppered. The
contents of the vial were mixed by inverting the vial gently about 
20 times and then allowed to settle for at least 60 minutes.
3) 1 yl of the ether extract was injected into the column and the 
elution times compared with those of the standard to get the qualitative 
analysis. To obtain a quantitative analysis, the area under the peaks 
was measured (Peak height x base at h height) and compared with areas
of peaks of corresponding acids of the standards.
b. Analysis of nonvolatile acids
1) 1 ml of acidifed extract was pipetted into a conical reacti-vial.
2) 2 mis of methanol were added. The vials were then placed on a 
heating block previously set at 56°C and left for 20 minutes to allow 
for complete methylation.
3) After cooling, 1 ml of chloroform was added to extract the methyl 
derivatives. Mixing was done by inverting the vial gently about 20 
times and then allowed to settle for about 60 minutes before analysis.
4) 1 yl of extract was injected into the column and elution times and 
peak areas were compared with those of the standard to obtain a 
qualitative and quantitative analysis.
P r o c e d u r e s  f o r  a n a l y s i s  o f  v o l a t i l e  a n d  n o n v o l a t i l e  a c i d  p r o d u c t s
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In order to compare the total volatile content and nonvolatile 
content of various products the sums of all the volatile acids of a 
product and that of the nonvolatile acids were worked out and a 
ratio arrived at.
V o l a t i l e  a n d  n o n v o l a t i l e  R a t i o
\
V I I . M e t h o d s  u s e d  i n  t h e  s e n s o r y  e v a l u a t i o n  o f  t i n g
Chemical and physical tests were valuable in determining food quality 
but inadequate for judgement of taste (Bengtsson et ad. , 1947) . One 
had therefore to rely on subjective methods for estimating flavour 
and acceptability of foods.
a. Selection and storage of samples
Maize meal that had undergone fermentation under specified conditions 
was cooked by boiling for " $0 minutes, mixed with sugar to taste and 
kept at room temperature in covered pyrex dishes. Tasting could be 
done up to six hours after cooking without loss of flavour.
b. Number of samples
Even though a limit of 3 had been suggested to avoid fatigue of the 
gustatory nerves (Bengtsson et ad., 1947) a maximum of six samples 
was used in this study when the effect of fermentation temperature 
was investigated. The panelists felt that it was less taxing on their 
memory to evaluate the six samples at one sitting than three samples 
at two sittings.
c. Selection and training of panelists
Several series of taste panel sessions were held over a period of 18 
months (1980-1982). All judges were individuals who were familiar 
with ting. To avoid chance results, a larger population of panelists 
(over 200 in all) was used as suggested by Hirst (1971). The selection 
and training of the taste panel was the most important step in taste 
assessment (Helm et ad., 1946, Overman et al♦, 1948, Institute, ojl -jood 
Amerine et ad., 1965).
Methods for selection and training Cliwfatiufe- c|-- j-oocl •Ve.d/moWcj'tSls 1 • 3
Sensitivity tests
Individuals were screened for their ability to recognize the basic 
tastes: sweet, sour, salty and bitter - to avoid confusion of taste 
terminology. Potential panelists who failed this test were dropped
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at this stage (Girardot et al. , 1952) .
Difference tests
This was meant to determine ability to detect specific variations 
of the test product and to generate reproducible results (IFT, 1981).
The Triangle test was chosen (Helm, et al., 1946)
Three coded samples, two identical and one different were presented 
simultaneously. The judge had to determine which of the three samples 
differed from the other two. Ting fermented at 15°, 20°, 25°, 30°,
37° and 44°C was used in this test. At the first sitting, there were 
2 samples (15°C) and one (20°C). All samples were marked with A or 
B. For each series, samples were served in six different combinations: 
AAB, ABA, BAA, BBA, BAB, ABB (Helm et al., 1946, and Roessler et al., 
1948). Panelists were allowed to rinse their mouths in between samples.
Analysis
The chi-square was used to analyse data of the triangle test to 
evaluate the probability that the number of judges who indicated a 
difference between samples was no greater than might be obtained by 
chance.
Formulae suggested for routine work (Boggs et al., 1949) are:
1 1b = j  (N + 7.682N for significance at the 5% level.
1 1b = -j (N + 13.270N for significance at the 1% level.
b = the number of identified duplicates needed for significance
at the levels indicated.
N = total number of persons in the trial.
Results could also be read off directly from charts (Amerine al.,
1965).
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Descriptive tests were done to determine ability to measure differences 
and to give reproducible results. The rating scale was the same as 
used for the actual panel test. A six-point or ten-point hedonic scale 
was used to measure the level of liking for ting by the population. 
Numerical values were given to correspond with the descriptive rating 
and score cards were given to the judges to fill out during each sitting. 
Computer analysis using the Wilcoxon matched pairs signed-ranks tests 
was used to compare results from the taste surveys.
Mode of consumption
20 ml samples of ting were placed into disposible paper cups and 
individuals were given disposable wooden spatulas for sanitary reasons 
(Platt, 1931). Panelists could go back to previously tasted samples 
if they were not sure of their scores. Products were assessed on the 
basis of aroma and taste.
Judges were required to work independently to avoid prejudicing each 
other.
Announcement of the object of the investigation
Before any test the object of the experiment had to be explained to the 
panel (Helm et al. , 1946 and Bengtsson et al^ . , 1947) . In the case of 
the present study, this is critical since individuals were familiar with 
both non-fermented and fermented maize meal products. There was therefore 
a chance that a nonfermented product would get a higher rating than a 
poorly fermented one.
D e s c r i p t i v e  t e s t s
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C H A P T E R  III 
RESULTS
During preliminary experiments, various aspects of traditionally 
fermented ting were looked into.
I . 'Aided1 and 'unaided' fermentation
It had been noted..(Fig. 8) that .the rate .of suc.li aided 
fermentations, as determined by pH, was much quicker than that of 
the non-aided equivalent. Most individuals preferred a product 
with a pH of around 3.5. It was quite evident from our results 
that this pH was reached within 24 hours in the case of 'aided' 
ferments and after 48 hours in the case of 'unaided' ferments.
The reasons for this were observed quite early in our study:
i) Addition of the 'starter' resulted in an early introduction 
to the ferment of a high count of yeasts and lactic acid bacteria; 
whereas in unaided ferments, these two groups of organisms 
increased gradually. These two groups were found to be associated 
with production of acidity and flavour.
ii) By the addition of 'starter' to the ferment, depending on the 
volume added, pH was depressed. In this study, the pH of the aided 
ferment was very quickly reduced from 6.1 to 4.5 by this process 
(Fig. 8).
In comparing the traditional and unaided fermentations, 
a total viable count was made. In addition, counts of lactic acid 
bacteria and yeasts were monitored using selective media.
86
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a .  S t a n d a r d  p l a t e  c o u n t s
Nutrient agar (Fig. 9A)
The total viable count in aided fermentation was much higher than 
in unaided fermentation. In the former, a maximum count of 108/g 
was reached by day 4, followed by a rapid decline to fewer than 
106/g by day 6. This reduction was probably due to an adverse 
pH and various other factors. In unaided fermentation, the rise 
in plate counts was steady over five days, reaching a maximum of 
above 106/g after six days.
Rose Bengal + chloramphenicol (Fig. 9B)
The yeast count was low during the initial 3 days of the fermentation 
in unaided ting, followed by a 2 log unit increase. In aided ferments 
there was an initial count of over 102/g, followed by a rapid increase 
by over 2 log units during the first 72 hours.
Rogosa agar (Fig. 10A)
In aided fermentation, there was a higher initial count of over 103/g 
lactobacilli followed by a rapid rise by 3 log units during the first
3 days. In unaided fermentation, the lactobacilli count was low 
during the initial 72 hours, followed by a rapid increase by 3.5 log 
units.
It was observed that the main differences in the two processes in 
regard to plate counts was in the total lactobacilli (Fig. 10A) and 
yeast count (Fig. 9B). The total count as isolated on nutrient agar 
plates was not very different after day 2 (Fig. 9A).
b. Acceptability of traditionally prepared vs. laboratory ting (Fig. 10B)
The initial rating of the 1 starter1-aided ting was 25%. Within 24 
hours, it had risen to 90% and thereafter, remained around 90% 
throughout the test period. On the other hand, the initial rating 
in unaided ting was 0%. After 24 hours, it was 21%. By day 5, it had 
reached a score of 80%.
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Figure 9 (A and B). Effect of addition of 'starter' 
(10 per cent, v/v) on plate counts during the 2 0 ° ^  
fermentation of tingT (A), Nutrient agar plates 
incubated at 37°C for 2 days and (B) , Rose Bengal agar 
plus chloramphenicol incubated at 25° C for .5 days.
+ I>vypata,
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Figure 10 (A -and B) . (A) Effect of addition of 'starter'
on plate counts during the fermentation of ting^ Spread 
plates on Rogosa agar were incubated at 30°C for 72 hours 
in 5 per cent. C02. (B) Acceptability of 'starter1-aided
ting and laboratory- (unaided) ting; 26 panelists assessed 
this product.
T,wvp3 t a  •
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c . Direct microscopic counts
A breed count of the fermenting meal was carried out to determine 
an approximate ratio of bacterial count versus the yeast count.
The value includes both viable and nonviable organisms.
Fig. 11B shows clearly that in 'aided' fermentation, there was a
noticeable number of bacteria, especially Gram positive rods, cocci
and yeasts, at the onset of the fermentation. The maximum yeast
and bacterial count was reached on day 4, followed by a gradual
decline in numbers. In ''.unaided1 fermentation (Fig. 11) , the
maximum bacterial count was reached on day 6, while the maximum
yeast count was reached on day 7. One reasovo [or am apparent vecjucfion 
\v\ VTUfcvtbers "the clui/v^piricj oYGpm&viaS loUicAo colugj foe.
The effectiveness of the 'starter' depends therefore on the introduction 
of the most advantageous types of organisms early enough in the 
fermentation to yield favourable taste and aroma.
Also noted during the direct microscopic count of aided fermentations 
was the low number of Gram negative rods as compared to non'aided' 
ferments. This was probably due to the selective effect of acidity 
against this group.
II. Variability in ting fermentation
a. Type of water
Initially, distilled and tap water, either sterile or non-sterile, 
was used. The difference in fermentation rates was not striking.
The slight difference observed was probably due to a lower pH of 
tap water as compared to distilled water. The relevance of this 
investigation into the effects of water type on fermentation rate 
arose because in many areas where this product is consumed, there 
are varied sources of water ranging from spring to river water. This 
leads to another problem —  that of the microbial flora of the water, 
since in most cases it is not boiled prior to use in the fermentation. 
This factor might affect the end product, since some of the organisms 
present in the water could multiply in the fermentation.
9 1
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Figure 11 (A and B). Effect of addition of 'starter' on bacterial 
vs. yeast ratio during ting^fermentation. Breed counts were done 
over 10 fields in each product. (A) represents the unaided 
fermentation, while (B) represents the aided, product.
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b . Meal type variation
This resulted both from variability in microbial content of meal. 
due to storage time and as a result of difference in brands produced 
by various mills. When traditionally milled corn was used in 
the fermentation of ting, a great variability of product determined 
by differences in pH, acidity and organoleptic acceptability, was 
observed.
( i )  E f f e c t  o f  s t o r a g e  t i m e  o n  m i c r o b i a l  c o n t e n t  o f  I m p a l a  m e a l
Meal that had been stored at room temperature for 1, 2, 3 and 6 
months after milling was analysed for its microbial content.
The total bacterial count decreased from 106/g to 103/g after storage. 
The numbers of some of the groups were either increased or remained 
unchanged. These include Bacillus sp., Enterobacter sp. and 
Staphylococcus sp. The lactic acid bacteria decreased in numbers 
with storage time. The yeast-viable count was also affected by 
storage time. Their numbers were reduced from 103/g to 101/g after 
storage. On the other hand, counts of mould propagules were 
increased during the six-month storage period.
(ii) Differences in brands of meal
Impala, Induna Excella and Ace meal were fermented at 30°C for a 
period of 8 days and both pH and acidity values were monitored (Fig.
12A and B).
It was observed that both Impala and Excella had a faster initial 
rate of fermentation, determined apparently by changes in acidity 
and pH (see fig. 12).
The slowest rate noted was that of the Ace meal fermentation, which 
took two days longer than the other brands to reach a similar acidity 
value.
From preliminary work, it had been observed that some differences 
in microbial content existed in the types of meal, while all four 
brands had in common the presence of Staphylococcus spp,, Micrococcus 
spp., Enterobacter spp, and various moulds, Ace and Induna had a very 
low count of yeasts. This may account for their slower acid 
production, coupled with a probably lessened diastatic effect due 
to a l&wer ' number of the Bacillus sp.
Despite the reduced microbial content of Ace and Induna, no 
noticeable difference in final count was observed in ting made from 
the four types of meal (Table 10), except for the reduced lactic acid 
bacteria in Ace meal. This reduction in lactic acid bacteria was 
clearly one of the causes of the slow fermentation of Ace.
j
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Fermentation day3
Figure 12 (A and B). Influence of meal type on fermentation rate 
as determined by (A) pH and (B) acidity measured in 0SH.1his unaided
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Response of taste panel to ting made from Impala, Ace, Excella and
Induna meal
A taste panel of 40 persons judged the four products on a six-point 
hedonic scale (Pig. 13). Impala received a score of 78%; Excella, 
71.5%; Induna, 62%; and Ace, 50%. The comments of the judges 
about Ace ting was that it was 'too strong', referring to volatile 
content.
Statistical analysis of the data
Pairs of samples were compared to see if the difference in their 
scores was significant. The differences between Impala and Induna, 
Impala and Ace, Excella and Induna, Excella and Ace and Induna and 
Ace were significant at p < .0001 and the difference between Impala 
and Excella was significant at P < .01.
Effect of brand type and storage time on carboxylic acid production
Two lots of Impala, Ace, Induna and Excella with different storage 
times were fermented naturally and the products were analysed by GLC 
for volatile and non-volatile carboxylic acids (Tables 11 and 12).
In general, as fermentation time increased, the total volatile and 
non-volatile content increased.
Ace Brand
In the 4-month-old meal, acetic acid was the major volatile acid 
(0.075%) followed by butyric and isobutyric acids. An increase in 
storage time by two months increased the content of butyric acid 
(0.26%) and also resulted in some amount of acetic acid being 
produced. The predominant non-volatile acid was oxalacetic acid 
(0.54%) in the 4-month-old meal, followed by lactic and then succinic 
acids. After storage, the predominant acid was succinic (0.83%), 
followed by oxalacetic and lastly, lactic acid.
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Table 11. Effect of Maize meal brand and storage on the 
development of carboxylic acids during ting 
fermentation*
Days Carboxylic acids (%)
ferment­
ation Acetic Isobutyric Butyric Lactic Oxalacetic Succinic
Excella 0 T - T T - -
1 T T .016 T T .12
2 T .003 .28 T .12 1.2
3 T .01 .51 T .20 1.16
4 .015 .01 .56 T .27 1.44
Induna 0 - - - - - -
1 T T T T .11 .003
2 T T .064 .022 .21 .12
3 .042 .0005 .051 .1 .38 .27
4 .076 .005 .0053 .27 .48 .10
Ace 0 T - - T - -
1 T T T T .02 T
2 T T .031 .27 .06 .075
3 .057 .0001 .032 .48 .09 .10
4 .075 .013 .042 .34 .54 .075
Impala 0 - _ - T - -
1 T T T .13 .18 T
2 T T .008 .37 .31 .02
3 .09 .0006 .005 .54 .027 .075
4 .075 .004 .013 .63 .06 .045
NOTES: T = traces
*Storage time > 4 months
Table 12. Effect of maize meal brand and storage on the 
development of carboxylic acids during ting 
fermentation X
*Brand
Days
ferment­
ation
Carboxylic acids (%)
Acetic Isobutyric Butyric Lactic Oxalacetic Succinic
Excella 0 _ _ — _ _
1 - T .005 T T . 185
2 T .0094 .53 T .09 1.45
3 T .0098 .428 .06 .44 2.04
4 T .0094 .659 .02 .42 2.71
Induna 0 _ _ —
1 - - T T .048 -
2 - .0011 .08 .36 .06 .37
3 T .001 .139 .55 .15 .38
4 .005 .0017 .106 .31 .06 .99
Ace 0 _ _ _ _
1 - T T T • T T
2 T .001 .15 .18 .03 .65
3 .008 .002 .24 .37 .23 1.13
4 . .005 .005 .26 .25 .42 0.83
Impala 0 _ - - - _
1 T T T .02 . 10 -
2 T .001 .018 .40 .036 .07
3 T .0028 .025 .75 .43 .14
4 .005 .0032 .019 .76 .47 .12
NOTES: T = traces
* Storage time > 6 months 
y cdi'{eiv>pera.l ure a 30° C!
I m p a l a  B r a n d
Acetic acid was the major volatile acid (0.075%) in the 4-month-old 
meal, followed by butyric and then isobutyric acids. With increased 
storage,butyric acid became the major volatile (0.019%), followed 
by acetic and then isobutyric acid. Lactic acid was the predominant 
non-volatile acid (0.63%) , followed by oxalacetic and succinic acids. 
Storage time only increased the amount of non-volatiles formed, but 
not in any discernible order.
Excella Brand
In Excella ting, the predominant volatile was butyric (0.56%), 
followed by acetic and isobutyric acids. By increasing storage 
time of the meal, the amount of butyric acid formed increased (0.65%). 
Isobutyric acid was not changed, but only traces of acetic acid were 
detected. Succinic acid was the predominant non-volatile acid 
(1.44%), followed by oxalacetic and traces of lactic acid. With 
storage of meal, the amount of succinic acid was increased (2.71%), 
but the order was unchanged.
Induna Brand
Acetic acid was the most common volatile acid (0.076%), followed by 
butyric and isobutyric acids. Increase in storage time raised the 
value of butyric acid to (0.106%), so that it became the highest 
concentrate of the volatiles. The predominant non-volatile was 
oxalacetic acid (0.48%), followed by lactic and succinic acids. By 
increasing the meal storage time, succinic acid became the highest 
concentrate of non-volatiles (0.99%), followed by lactic and lastly, 
by oxalacetic acids.
It was clear that the ratio of the various carboxylic acids produced 
following fermentation changed with brands, but they also changed 
within the same brands with storage time.
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A semi-quantitative analysis of ethanol was run along with the 
volatile acid analysis. Fermented Induna had the most alcohol, 
followed by both Excella and Impala and lastly Ace meal. After 
cooking of the meal into ting, most of the alcohol evaporated, 
leaving only trace amounts in all cases.
Encona Brand
The treatment at the mills of various brands may have an effect on 
the fermentation rate of maize meal. In the production of Encona 
meal in the United States of America, meal is heated before packing 
to dry it and to reduce its microbial content. Such meal, when 
fermented, resulted in ting of poor acceptability.
Encona meal was fermented at various temperatures for 4 days and a 
taste panel of 42 judges assessed the product da'rivj #
Effect of temperature on the fermentation rate and acceptability Qi|- twaideoj 
of ting made from Encona maize meal (Fig. 14A, B, C, D, E, and F)
At 15°C (Fig. 14A) there was a decline of 2.5 pH units and a maximum
acidity of 17.5° SH. This was accompanied by an acceptability score 
of 25% on day 5.
At 20° C (Fig. 14B), there was a decline in pH of 2.35, an acidity
value of 13° SH and a maximum acceptability of 14.5%.
The pH decline of 2.7 at 25° C (Fig. 14C) corresponded to an acidity 
value of 22.5° SH and a maximum acceptability of 40%.
At 30° (Fig. 14D), there was a pH decline of 3.2, accompanied by 
a maximum acidity value of 38.5° SH and an acceptability score of 
60%.
The pH was reduced by 3.3 at 37° C (Fig. 14E). This corresponded to 
an acidity value of 42° SH and a maximum acceptability of 60%.
E f f e c t  o f  t y p e  o f  m e a l  o n  p r o d u c t i o n  o f  a l c o h o l
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At 44°C (Fig. 14F), the maximum reduction in pH took place within 24 
hours by 3.4. This was accompanied by a maximum acidity value of 32.5° SH 
by 48 hours and a maximum acceptability of 65%.
Clearly, temperature played an important role in influencing both rates 
and acceptability scores of ting ferments.
Variability within the same brand
The effects of using different brands of meal on the fermentation products
have been observed to be highly significant. There is evidence of the
intrinsic variability in the products fermented from the same brand.
The use of Impala meal in this study has been shown to result in
significantly variable products in terms of plate counts, types of
flora, fermentation rates, carboxylic acid production and acceptability
of the product. Several batches of fermenting meal have been noted to
lo g shave differences in plate counts of (wo^or more.
From preliminary work, the three samples of fermenting meal that were 
studied had variations in the types of flora isolated. The types and 
proportions of carboxylic acids produced by Impala were variable. Some 
samples were observed to have twice or thrice the amount of the same 
acid as present in comparable ferments. The acceptability of ferments of 
various batches of Impala meal having been produced under similar 
conditions were not always identical. The occurrence of this variability 
within the same brand is an indication of the difficulty in controlling 
the fermentation experiments. It also raises questions about the 
significance in the variability of products of different meal brands 
since greater variability has been observed in products prepared from 
some brands than those from different ones.
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. Fermentation days
Figure 14 (A and B). Effect of temperature on the fermentation rate 
and acceptability of ting made from Encona maize meal. 42 judges 
assessed the unaided prcduct-CA) was fermented at 15°C and (B) at 20°C.
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Figure 14 (C and D). Effect of temperature on the fermentation rate 
and acceptability of ting made from Encona maize meal. 42 judges 
assessed theunaukd ^ roAucl:, (c) was fermented at 25°C and (D) at 30°C.
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Fermentation days
Figure 14 (E and F). Effect of temperature on fermentation 
rate and acceptability of ting made from Encona maize meal. 
42 judges assessed the unaided jFoduci,(e ) was fermented at 37 °C 
and (F) at 44°C.
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c . Variability due to fermentation temperature
(i) Effect on acceptability of product
Maize meal that had been previously fermented at 15°, 20°, 25°, 30°,
37° and 44° C for 3 days was prepared as ting and given to a taste 
panel of 98 judges to assess (Fig. 15). The highest score was that 
of the 30° C ferment at 83%, followed by the 31° C ferment at 71%, 
the 25% ferment at 65%, the 44° ferment at 56%, the 20° C ferment at
6.25% and lastly, the 15° C ferment at 0%.
Statistical analysis of the data
The differences between the scores of following pairs of ferments
were significant at p < .0001:- 20°:25°C, 20°:30°C, 20°:37°C,
20°:44°C, 25°:30°C, 25°:37°C, 25°:44°C, 30°:37°C, 30°:44°C and 37°:44°C. 
The 15°C product received a score of 0 and therefore was significantly 
different from the rest.
A smaller panel of 32 judges was later used to monitor the acceptability 
of each ferment over a period of 4 days. Four jars of meal were 
fermented in each incubator. On each day, one jar was removed from 
each incubator and the meal was used to cook ting. The judges were 
asked to evaluate the product beginning 24 hours after incubation 
(Fig. 16).
The 15°, 20°, 25°, and 30°C products showed a steady increase in 
acceptability during the first three days. By the fourth day, the 
30°C product showed a decline in acceptability. The 37°C ferment 
was well accepted during the first 2 days; but by day 3, its 
acceptability was declining. The rating of the 44°C product did 
not change significantly throughout the 4 days.
Statistical analysis of the data 
Day 2
The differences between the scores of the following pairs of ferments 
were significant at p < .0001:- 15°:20°C, 15°:25°C, 15°:30°C,
15° : 37 °C, 15°: 44 °C, 20°:25°C, 20°:30°C, 20°:37°C, 20°:44°C,
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Figure 15. Taste panel rating of ting fermented at 15°, 20°, 
25°, 30°, 37° and 44°C for 72 hours. 98 judges assessed 
these Impala
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25°:30°C, 25 0 :37°C, 25°:44°C, 30°:37°C/ 30°:44°C and 37°:44°C.
These great differences in scores suggest the striking influence 
of temperature during the initial 24 hours of fermentation. At 
this point one notices great differences in pH and acidity which 
could account for these results.
Day 3
The differences between the scores of the following pairs of ferments 
were significant at p < .0001:- 15°:20°C, 15°:25°C, 15°:30°C/
15°:37°C, 15 0 :44 °C , 20°:30°C, 20°:37°C, 20°:44°C, 25°:30°C,
25°:37 °C, 25°:44 °C, 30°:37°C, 30°:44°C and 37°:44°C. The
difference between the scores of the 20°:25°C product was significant 
at p < .05.
The effect of temperature continues to be noticeable even after 48, 
hours of fermentation. The only difference occurs between 20° and 
25 °C, where there is a smaller difference in scores. This is probably'* 
a result of the similarity in the microflora of both ferments at this 
point.
Day 4
The differences between the scores of the following pairs of ferments 
were significant at p < .0001:- 15°:20°C, 15°:25°C, 15°:30°C,
15°:37°C, 15°:44 °C , 20°:25°C, 20°:30°C, 20°:37°C, 20°:44°C,
25°:30°C, 25°:37°C, 25°:44°C, 30°:37°C, 30°:44°C and- 37°:44°C.
Despite the similarities in pH on the fourth day of fermentation, 
the differences in scores continues to be quite significant. This 
suggests that pH alone is not responsible for the ratings of the 
various ferments.
Day 5
The differences between the scores of the following pairs of ferments 
were significant at p < .0001:- 15°:20°C, 15°:25°C, 15°:30°C,
15 °:37 °C, 15° : 44 °C, 20°:25°C, 20°:30°C, 25°:30°C, 25°:37°C,
25°:44°C, 30°:37°C and 30°:44°C. The differences between the
scores of the 20°:37°C and the 20°:44°C ferments was significant 
at p < .01 and there was no significant difference between the 37° 
and 44°C ferments.
There is no great change in the scores on days 4 and 5, except that 
no significant difference is observed between the 37° and 44°C 
scores, in spite of the difference in contents of carboxylic acids.
(ii) Influence of fermentation temperature on pH and acidity of 
ting
Impala. raeal fermenting at various temperatures for 6 days was 
monitored for pH and acidity values (Figs. 17A and B).
The most rapid pH reduction took place at 44°C, followed by 37°C,
30°C, 25°C and 15°C (Fig. 17A).
While the 44°C ferment had the highest acidity value for the first 
few hours of the fermentation, this changed after about 18 hours.
The 37°C ferment produced the most acidity —  over 50° SH in 72 hours, 
followed by 30° and 44° ferments, producing about 36° SH in 72 hours.
During this period, the highest acidity reached by the 20° and 25°C
ferments was 22°- SH and 24°SH, respectively, in 96 hours. The
acidity of the 15°C ferment only started rising over 15°SH after
108 hours.
i l l
Fermentation dayo
Figure 17. (A and B). Influence of temperature on the rate of 
fermentation as determined by (A) acidity in °SH and (B) pH. 
iAeal 'We = Xw>pa\6.,
(iii) Effect of temperature of fermentation on viable counts on
a variety of media (Vneal bjpg. - Xwipdl'fr <,
Mannitol salt agar (Fig. 18A).
The increase in total count at 25°, 30° and 37°C was by 3 log units
during the first 24 hours, followed by a rapid decline. This was
probably due to the influence of acidity on the sensitive staphylococc 
At 20° and 15°C, the decline in count was noted after 5 days.
MacConkey agar (Fig. 18B)
There was a sharp rise in the total count in the 25°, 30° and 37°C 
ferments during the first 24 hours. At 20°C, the log phase was 
more gradual, but it reached the same peak as the higher temperature 
ferments within 48 hours. The 15° ferment had the lowest count for 
the first 4 days of the fermentation.
Nutrient agar (Fig. 19A)
There was no striking difference between the total counts at 
temperatures ranging from 20° to 37°C. There was a 5 times log 
increase in count after 48 hours. The 15°C count lagged behind, 
reaching an equivalent increase in 108 hours.
de Man,Rogosa and Sharpe agar (Fig. 19B)
Within the first 24 hours, there was a marked rise in count in the 
25°, 30° and 37°C ferments, followed by the 20°C and lastly, the 15°C 
ferments.
Rogosa agar (Fig. 20A)
There was a sharp, 6 log unit increase in count between 25° and 37°C 
within 24 hours. At 20°C, the rate of increase was slower, but it 
reached a similar peak as the 25°-37°C ferments by 48 hours/. The 
slow increase in count at 15° indicated a slow development of 
lactic acid bacteria.
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Figure 18 (A and B). Influence of temperature of fermentation/on 
plate counts. Spread plates were done on (A) Mannitol salt agar 
incubated at 37°C for 72 hours and (B) MacConke.y agar incubated at 
37° for 48 hours.
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Figure 19 (A and B) . Influence of temperature of/fermentation 
on plate counts. Spread plates were done on (A) nutrient agar 
incubated at 37°C for 48 hours and (B) M.R.S. agar incubated at 
30° for 72 hours.
plate counts. Spread plates were made on (A) Rogosa agar incubated 
at 30°C in 5% CO^ for 72 hours and (B) yeastrel extract agar plus 
oxytetracycline incubated at 25°C for 5 days.

Y e a s t  e x t r a c t  a g a r  p l u s  5 0  p p m  o x y t e t r a c y c l i n e  ( F i g .  2 0 B )
This medium was less selective than Rose Bengal Agar. There was 
a significant increase in count between 20° and 37°C in the first 
3 days. The 15°C ferment had the lowest count during the first 3 
days.
Rose Bengal agar plus chloramphenicol (Fig. 21)
The maximum increase in count was by 4 log units around 25° and 30°C. 
This count was mainly due to yeasts and moulds.
Temperature had a definite selective effect upon the viable count 
of various groups of organisms. Also to be noted at this point is 
the possible difference in generation times of these various groups 
at the different temperatures.
(iv) Effect of fermentation temperature on production of carboxylic 
acids in ting
The effect of fermentation temperature on the production of carboxylic 
acids by Impala meal (storage time < 2 months) was observed on 48- 
hour ferments (Table 13). By grouping the volatile content together 
and the non-volatiles together, a ratio of volatile : non-volatile 
(n : nv) was arrived at.
At 15°C, a ratio of 0:T was calculated (0 = zero and T = traces).
This suggested absence of acidity. The ratio at 20°C was T:0.44, 
indicating a lack of volatile value but some non-volatile acids.
At 25°C, the ratio was 0.17:1.03, showing a presence of both volatile 
and non-volatile acids. There was an increase in both volatile 
and non-volatile components at 30°C, resulting in a ratio of 0.56:1.95. 
The highest volatile value was observed at 37°C, resulting in a 
ratio of 0.74:1.78. There was a drastic reduction in the value of 
volatiles at 44°, resulting in a ratio of 0.027:1.11.
The effect of temperature on carboxylic acid formation was monitored 
over a period of 5 days, using Impala meal (storage >2 <6 months)
(Table 14).
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Table 13. Effect of fermentation temperature on production 
of carboxylic acids in/ting (fermentation time = 
48 hours)
_ , . . Carboxylic acids (%)Fermentation 2
temperature Acetic Butyric Isobutyric Lactic Oxalacetic Succinic
15° - - - T T T
20° T T T .37 .03 .04
25° .088 .073 .009 .69 .14 .20
30° .072 .48 .003 .74 .43 .78
37° .082 .66 .0018 .88 .60 .30
44° .016 .011 T .59 .041 .48
Table 14. Development of major carboxylic acids during 
natural IWala. meal fermentation
Ferment­
ation
temper­
ature
Days
ferment­
ation
Carboxylic acids (%)
Acetic Butyric Isobutyric Lactic Oxalacetic Succinic
15°C 0 - - - - - -
1 T - - .013 - -
2 T - - .021 - -
3 T T T .026 - T
4 T T T .099 - .10
20°C 0 - - - - - -
1 T —_ _ .016 .004 -
2 .006 T T .735 T .09
3 .018 T T 2.049 T .10
4 .026 T T 2.34 T .18
25°C 0 - - _ - - -
1 .001 - - . 136 T T
2 .004 T T .656 .028 .153
3 .013 T T 1.65 T .24
4 .038 .0005 .0004 2.2 T .24
N O T E : T = traces
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Table 14 [cont.] Development of major carboxylic acids 
during impala meal fermentation
Ferment­
ation Daysferment­
ation
Carboxylic acids (%)
temper­
ature Acetic Butyric Isobutyric Lactic Oxalacetic Succinic
30 °C 0 _ - - - - -
1 .009 .01 T .393 T .075
2 .006 .007 T .787 T .063
3 .031 .008 T 1.942 T .039
4 . 1 .009 T 1.995 .049 .039
37°C 0 - _ - _ - -
1 .016 .078 T .187 T .84
2 .021 .099 T .929 .013 .67
3 .075 . 104 T 3.255 T .54
4 .040 .086 T 3.255 T .54
44 °C 0 - - - - - -
1 T T - .102 - -
2 T T T .167 T T
3 .014 .002 T 1.707 T T
4 .014 .0004 T 1.73 T T
N O T E : T = traces
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At 15°C, only traces of volatile acids were noted on day 5, while
0.099% of lactic and 0.10% of succinic acids were found (T:0.199). 
OaHe. 14 )
At 20°C after 48 hours, acetic acid increased to 0.026% on day 5, 
and the most common non-volatile acid was lactic acid, at 2.34%.
A total ratio of 0.026:2.52 was reached.
By day 5, the volatile : non-volatile ratio at 25°C was 0.039:2.44, 
acetic acid being the predominant volatile, while lactic was the 
predominant non-volatile acid.
At 30°C, the v:nv ratio on day 5 was 0.109 : 2.08. Both acetic and 
lactic acids were the predominant volatile and non-volatile acids, 
respectively.
On day 5, the 37°C v:nv ratio was 0.126 : 3.79. Butyric acid was 
the predominant volatile, while lactic acid was the predominant non­
volatile acid.
The 44°C v:nv ratio on day 5 was 0.014 : 1.73. Acetic and lactic acid 
were the predominant acids.
It was noted that at all temperatures there was a noticeable rise 
in acid content after 48 hours.
The actual volatile : non-volatile ratio varied in naturally fermenting 
ting, depending on varied causes, one of which was storage time of 
the meal.
The 37°C ferment always had the highest volatile content.
Effect of temperature on production of alcohol
The most alcohol was produced at 37°C, followed in descending order 
by the 30°C ferment, both the 44°C and 25°C ferments, and lastly, 
at 20°C. At 15°C, only trace amounts were produced.
122
Between 20° and 37°, traces of isovaleric acid were produced during 
the natural fermentation of Impala meal. From 15° to 37°C, traces 
of valeric acid were produced. Formic acid was produced in greater 
quantities, the highest being at 25°C, followed by 30°, 20°, 37°, 44° 
and by trace amounts at 15°C. Only traces of propionic acid were 
produced at all the temperatures.
(v) Effect of fermentation temperature on evolution of gaseous 
products during ting fermentation (Fig. 22)
A characteristic feature of ting fermentation was the evolution of 
gases which normally indicate whether the process was on the correct 
course. This feature was noted to vary with temperature. At 44°C, 
it began after 6-12 hours and ceased after, at most, 24 hours. At 
37°C, it began after 20 hours and stopped after 48 hours. At 30°C, 
it lasted from 24 hours until 52 hours. At 25°C, it began after 48 
hours. At 20°C, it started after 52 hours and lasted for 72+ hours, 
while at 15°C, it only started after 72 hours.
Using the calcium hydroxide test, it was confirmed that the evolved 
BO^contained some CC>2 .
Effect of temperature on production of other volatiles
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Ill. Distribution and identification of organisms isolated from
fermenting meal
a) Identification of isolates from fermenting maize meal (Appendix Q)
Eight broad groups of organisms were identified in the fermentation 
of ting. The lactobacilli which made up the largest group were 
isolated under most conditions. Seven species of Lactobacillus were 
identified (Appendix B and C ) .
Other lactic acid bacteria isolated were leuconostocs, pediococci 
and streptococci.. While only one species each of Leuconostoc and 
Streptococcus was isolated, two species of PediococcUSwere found 
(Appendix D and E ) .
Three species of Saccharomyces and one each of Picchia, Candida and
Rhodotorula were isolated. The various yeasts were distributed over
a wide range of temperature (Appendix F, G and H ) .
I
During the initial stages of the fermentation, Ent. cloacae, Ent. 
aerogenes and K 1 . aerogenes were identified (Appendix I and J ) .
This group tended to persist at the lower temperatures.
Two species of Staphylococcus and one Mic rococcus were also isolated 
(Appendix K and L ) , especially during the early stages of the 
fermentation.
Bacillus cereus and B. subtilis persisted throughout the fermentation 
(Appendix M and N).
Two species of Flavobacterium were isolated at the low fermentation 
temperatures (Appendix 0).
Finally, Aspergillus, Penicillium, Rhizopus, Mucor and Fusarium were 
isolated from the meal and gradually disappeared during the fermentation.
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b. Distribution of various organisms in Impala ting fermented at various 
temperatures. (Fermentation was unaided.)
C.N,
Using the following media and incubation conditions, only certain 
microorganisms were isolated. It was recognized that while the 
knowledge of the occurrence of as many microorganisms as possible 
was desirable, the extent of such an exercise could be too wide. The 
intention was therefore to isolate those organisms to allow for 
comparison with the microbial contents of similarly fermented foods.
Rose Bengar agar + chloramphenicol (Figs. 23A through E and Table 15)
At 15°C there was a noted decline in the mould count, accompanied by 
an increase in yeast count by day 4. The moulds isolated include 
Fusarium sp., Penicillium sp., Rhizopus sp. and Aspergillus sp. 
Rhodotorula sp. was isolated on day 1, but as fermentation progressed, 
the yeast flora included Saccharomyces cerevisiae and Candida 
mycoderma. The gram negative organisms isolated after day 2 were 
identified as Flavobacterium sp.
At 20°C, there was a similar behaviour, except that the yeast count 
was higher. There was a greater variety of yeasts such as rouxii 
and uvarum.
The 25°C ferment was also characterized by a high yeast count by day 3.
In addition, Picchia membranaefaciens appeared by day 5.
The 30° and 37°C results varied from those of the lower temperatures, 
being characterized by the decline in moulds and the rise in yeast 
counts. The most prevalent yeasts were Picchia membranaefaciens, S. 
uvarum and CL_ mycoderma, while Fusarium and Penicillium sp. are the 
most common moulds.
This medium was highly selective, permitting growth of very few numbers 
of bacteria, the size of which was so small that one could easily 
recognize them.
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A
< = moulds 
■ = yeasts 
e =Gr. -  bacteria
< = moulds 
B = yeasts 
• = G r . -  bacteria
Fermentation days
Figure 23 (A and B ) . Distribution of organisms fermenting at (A) 
15°C and (B) 20°C. Spread plates were done on Rose Bengal agar 
plus chloramphenicol and incubation was at 25°C for 5 to 10 days.
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3 4Fermentation days
D
= yeasts 
= -  bacteria
3 AFermentation days
Figure 23. (C and D). Distribution of organisms fermenting at (C) 25°C 
and (D) 30°. Spread plates were done on Rose Bengal agar plus 
chloramphenicol and incubation was at 25°C for 5 to 10 days.
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Yeastrel extract agar with 50 ppm oxytetracycline (Figs. 24A through E 
and Table 16)
At 15°C, the first two days of the fermentation were characterized 
by a mixed culture of moulds: Rhizopus sp. and Fusarium sp., Gram
negative rods including: Erwinia herbicola, Ent. cloacae and Bnt.
aerogenes; B. cereus, B. subtilis, S. aureus, S. epidermidis, M. 
luteus and P. cerevisiae. By the third and fourth day, the Gram 
negative organisms were the most predominant. It was not until the 
sixth day that Lactobacillus brevis predominated.
The Gram negative rods predominated on days 1-3 at 20°C. Thereafter,
P. cerevisiae , P. acidilactici , L . mesenteroides and L. brevis 
predominated.
At 25°C, the Gram negative rods became insignificant after day 2, 
having been composed of Enterobac ter spp. and Flavobacterium spp. 
as at 20°C. The most predominant organisms after day 2 were P. 
cerevisiae, P. acidilactici, and L. brevis.
At 30°C, Enterobacter sp. and the flavobacteria appeared in insignificant 
numbers after day 2, the characteristic organisms being the pediococci 
and L. brevis.
Most of the Gram negative bacteria disappeared within 24 hours at 37°C, 
while the fermentation was characterized by the presence of pediococci, 
lactobacilli and yeasts.
The addition of oxytetracycline to this medium which is a general 
medium for the isolation of organisms from various sources was meant 
to inhibit growth of bacteria. From the results of these isolations, 
it was observed that this medium was not selective. The size of the 
colonies was large, not indicative of any inhibition. It is possible 
that the antibiotic failed to inhibit bacteria probably due to expiry 
of the oxytetracycline.
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A $ = mouldsO = (*ram negative 
@ = Bacillus EOds□ = Fediocoocus
£ - Staph/Microc.
|> = yeasts
0 0 = Lactobacillus
3 4Fermentation days 5 6
(Yeastrel Extract Agar & oxytetracycline)
B
i t
#= moulds
O = Gr. negative rods 
m = Bacillus 
□ = Fediocoocus 
Staph/Uioroooc,
•o = Lactobacilli 
<J = Yeasts
3 4Fermentation days
Figure 24 (A and B). D istribution of organisms fermenting at (A) 15 °C,
(B) 20°C. Spread plates were done on Yeastrel extract agar plus 50 ppm 
oxytetracycline; Incubation was at 25°C fo r 5 days.
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3 . 4Fermentation days
Figure 24 (C). D istribu tion  o f organisms fermenting at (C) 25°C. 
Spread plates were done on Veastrel extract agar plus 50 ppm 
oxytetracycline. Incubation was at 25°C for 5 days.
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•  =  m o u l d s  
O  =  ( j r .  -  r o d s  
■  -  B a c i l l u s  
a  =  P e d i o c o c , .
p. =  S t a p b T M i -  
c r o c .  
<  =  y e a s t s  
*>• =  L a c t o b a c ­
i l l u s
3 4Fermentation days
E
a
3 4Fermentation days
# = moulds 
O = Gr. - rods 
H = Bacilli 
□ = Pediococci 
► = Staph/microc. l> = yeasts 
, a = Lactobacillus
Figure 24 (D and E). D istribution of organisms fermenting at (D) 30°C and 
(E) 37°C. Spread plates were done on Yeastrel extract agar plus 50 ppm 
oxytetracycline. Incubation was at 25°C fo r 5 days.
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Rogosa agar (Figs. 25A through E and Table 17)
The iso la tion  of noticeable numbers of la c to b a c illi was noted by 
day 2 a t 15°C. There was a steady rise  in  the numbers of P. cerevisiae, 
and P. a c id ila c t ic i. The appearance and increase in numbers of L. 
mesenteroides was noted from day 4. Lactobacil1i  isolated included 
L. brevis, L^ buchneri and L^ la c t is .
At 20°C there was a rapid increase by day 2 in numbers of L^ plantarum, 
L. buchneri, L. brevis, L. la c tis  and L. cellobiosus. The fermentation 
was also characterized by the presence of P  ^ cerevisiae, P. a c id ila c t ic i 
and L . mesenteroides.
At 25°C, the la c tic  acid flo ra  was d i f f ic u l t  to characterize.
In i t ia l ly ,  the groups isolated included L. fermentum, L. b rev is , L. 
trichodes, L. plantarpm and Li  ^ la c t is , together with cerevisiae 
and P^ a c id ila c t ic i. The fermentation la te r became predominated by 
L . mesenteroides and pediococci. By day 5, there was a mixed culture 
of la c to b a c illi,  leuconostocs, pediocci and yeasts.
There was a s im ila rity  between the microbial content a t 25°C and at 
30°C. The difference was the absence of L_^  brevis at 30°C and the 
presence of £+_ faeca lis .
At 37°C, the predominant lactobacillus was L. fermentum. Also isolated 
was L_^_ trichodes, L. cellobiosus and L_^  plantarum. There was a 
noticeable number of L^ mesenteroides throughout the fermentation and 
P. cerevisiae.
Rogosa agar was highly selective due to the presence of acetate and 
incubation in m icroaerophillic conditions. The Lactobac illi were 
c lea rly  distinguished by th e ir large size. The yeasts that grew were 
characterized by f la t  colony morphology. Some Fusariuin sp. grew at 
the low d ilu tions .
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MacConkey agar (Figs. 26A through E, and Table 18)
A fter fermentation a t 15°C fo r 24 hours, the predominant organisms 
isolated were Ent. cloacae, Ent. aerogenes and K l. aerogenes. Also 
isolated were pediococci, streptococci and some yeasts.
At 20°C, the numbers of Gram negative organisms were greatly decreased 
a fte r day 2. The organisms isolated in large numbers were streptococci 
and la c to b a c illi.  Also isolated were pediococci and yeasts.
A fter an in i t ia l  rapid rise  in the numbers of Enterobacter a t 25°C, 
one observed the predominance of streptococci, la c to b a c illi,  
leuconostoc and yeasts by day 3.
At 30°C, the Enterobacter disappeared w ith in 24 hours. Organisms 
isolated thereafter were: staphylococci, pediococci, la c to b a c illi,
streptococci and yeasts.
No Gram negative bacteria were isolated a fte r 24 hours at 37°. Yeasts, 
la c to b a c illi and pediococci predominated in the fermentation.
This medium, unlike MacConkey number 3 (Oxoid, CM 115), lacked crysta l 
v io le t that would have prevented growth of many Gram positive  bacteria. 
As a resu lt, some staphylococci, streptococci and la c to b a c illi grew, 
but they appeared as tiny  colonies. A few Fusarium sp. grew at the 
low d ilu tio n s .
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A
0 = Enterobacter 
O = Klebsiella 
■ = Yeast 
□ =Lactobacilli 
a = Pediococci
< = Streptococci 
«• = Staph/Micrococd 
i = moulds
3 4
Fermentation days
B • = Enterobacter 
O = Klebsiella 
■ = Yeast 
□ = Lactobacilli 
^ = Pediococci
F I G U R E  2 6  (A a n d  B ) 4 D i s t r i b u t i o n  of o r g a n i s m s  in m a i z e  
m e a l  f e r m e n t i n g  at (A) 15°C a n d  (B) 20°C. S p r e a d  p l a t e s  
w e r e  d o n e  on M a c C o n k e y  a g a r  a n d  i n c u b a t i o n  was at 37°C 
f o r  48 hou r s .
Lo
g1
0 
co
un
t/g
 
Lo
1^0
 
co
un
t/
9
146
- C
[7FI1 ►EL
9 = Enterobacter 
O = Klebsiella
m = Yeast 
O = Lactobacilli
<t = Pediococci 
> = streptococci 
o* = Staph/Bfticroc.
; = moulds 
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Fermentation days
D
J2E
• = Enterobaoteria 
O = Klebsiella 
m = Yeast 
□ = Lactobacilli 
4 = Pediococci 
<= Streptococci
« = Staph/flicrococ. 
i = Moulds 
S3 . EacJIIus.
3 4
Fermentation davs
F I G U R E  26 (C a n d  D), D i s t r i b u t i o n  of o r g a n i s m s  in m a i z e  
m e a l  f e r m e n t i n g  at (C) 2 5°C a n d  (D) 3 0 ° C S S p r e a d  p l a t e s 
w e r e  d o n e  on M a c C o n k e y  a g a r  a n d  i n c u b a t i o n  was at 37°© 
f o r  48 h o u r s .
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Mannitol sa lt agar (Figs. 27A through E and Table 19)
At 15°C, there was a gradual decrease in  the counts of £L_ aureus, S. 
epidermidis over a period of 5 days. There is  also an observable 
count of Enterobacter sp., S. faecalis and la c to b a c illi,  indicating 
the lack of se le c tiv ity  of the medium.
At 20°C, the to ta l count of staphylococci was low, being comprised 
of epidermidis and £L_ aureus. Yeasts and enterobacteria were also 
isolated.
At 25°C, the count of staphylococci was v ir tu a lly  lo s t a fte r 24 hours.
The majority of the organisms isolated included yeasts and enterobacteria.
The staphylococcus count was reduced a t 30°C from 103 to 101 in  24 
hours. Streptococci then predominated.
The rate of decline in the numbers of staphylococci was greatest at 
37°C. Yeasts and streptococci were isolated thereafter.
This medium was not as selective as was expected despite i t s  high sa lt 
concentration. Colonies of EL aureus were c learly  distinguished by the 
yellow halo around them while £L_ epidermidis colonies had red colouration 
around them. The rest of the organisms appeared at the low d ilu tions 
in small numbers and th e ir colony size was small.
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F I G U R E  27 (A a n d  B)> D i s t r i b u t i o n  of o r g a n i s m s  in m a i z e  
m e a l  f e r m e n t i n g  at (A) 15°C a n d  (b ) 2 0 ° C » S p r e a d  p l a t e s
w e r e  d o n e  on M a n n i t o l  salt a g a r  a n d  i n c u b a t i o n  was at 
3 7°C f o r  48 hours,.
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O = moulds
K) = Enterobacteria
p = yeaata
t* = Streptococcus
> = Bacillus
9 = Staph/micrococe
Fermentation days
£  _ 3. 3
B
aBm.
Fermentation days
• - Staph/miorooooo
o = Mould
u = Enterobacteria
□ = Yeasts
■# = Streptococci
t> = Bacillus
F I G U R E  2 7 ( C a n d  D ). D i s t r i b u t i o n  of o r g a n i s m s  in m a i z e  m e a l  
f e r m e n t i n g  at ( c ) 2 5 ° C  a n d  (D) 3 0 ° C , S p r e a d  p l a t e s  w e r e  
d o n e  on M a n n i t o l  salt a g a r  a n d  i n c u b a t i o n  w a s  at 37°C 
f o r  48 hou r s .
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Nutrient agar (Figs. 28A through 28E and Table 20)
A fte r 24 hours of fermentation a t 15°C, the predominant organisms 
isolated were £L_ aureus, P. cerevisiae and £L_ epidermidis. From day 
3, the most commonly isolated organisms were Ent. cloacae and Ent. 
aerogenes u n t il day 6, when a decline in the numbers of Enterobacter 
sp. and a rise  in numbers of L^ _ brevis and CL_ mycoderma was noticed.
The numbers of enterobacteria were lessened at 20°C, with the resu lt 
that by day 4, the predominant organisms isolated were P. cerevisiae, 
p. a c id ila c t ic i, C. mycoderma, L. mesenteroides and some epidermidis.
At 25°C, the enterobacteria had disappeared by day 2 and the predominant 
organisms were pediococci, Flavobacterium spp. and streptococci.
A fte r the disappearance of Enterobacter by day 2, the 30°C ferment 
was predominated by leuconostocs and pediococci.
At 37°C, no enterobacteria were isolated a fte r the 24 hours of 
fermentation. a c id ila c t ic i and EL_ cerevisiae were the most
prevalent organisms from day 2-6. The yeasts and L. mesenteroides 
developed a fte r day 4.
This medium permitted growth of a wide variety of organisms. Lactic 
acid bacteria which seemed not to be well-nourished, showed restric ted  
growth, the size of pin points.
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Fermentation days
@ = Enterobactsria o ~ Flavobacteria a ~ Staph/ljicrococ0 = Pediococci 
t> = Yeasts> = Lactobacillus J =* Hould3
1 = Leuconostoc
3 “
&L
Fermentation days
F i g u r e  2 8  (A  a n d  B ) . D i s t r i b u t i o n  o f  o r g a n i s m s  i n  m a i z e  m e a l  
f e r m e n t i n g  a t  (A )  1 5 ° C  a n d  (B )  2 0 ° C .  S p r e a d  p l a t e s  w e r e  d o n e
o n  n u t r i e n t  a g a r  a n d  i n c u b a t i o n  w a s  a t  3 7 ° C  f o r  4 8  h o u r s .
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0 = Enterobactoria 0=s Flavobacteria
Staph/j8icroccc'« 
a * Pedioooccua 4 « Yeasts 
t> = Lactobacillus
1 =  moulds
I = Leuconostoc 
@=s Streptococci
1
Fermentation days
D
o *= Enterobacteria 
o = Flavobacteria a as Staph/Jficrocoe □ « Pediococci > = Yeasts
Lactobacilli ;= Moulds j= Leuconostoc 
Q = Streptococcus
Fermentation days
F i g u r e  2 8  (C  a n d  D ) . D i s t r i b u t i o n  o f  o r g a n i s m s  i n  m a i z e  m e a l  
f e r m e n t i n g  a t  (C )  2 5 °C  a n d  (D )  3 0 ° C .  S p r e a d  p l a t e s  w e r e  d o n e  
o n  n u t r i e n t  a g a r  a n d  i n c u b a t i o n  w a s  a t  3 7 ° C  f o r  4 8  h o u r s .
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O = flavobacteria 
n = Staph/ffticroc.
□ = Pediococci
4 = Yeasts
<d ss Lactobacilli
0 = moulds
1 ss leuconostoc 
IS = Streptococcus
□  = Bacillus
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Fermentation days
F I G U R E  28 (E), D i s t r i b u t i o n  of o r g a n i s m s  in m a i z e  m eal  
f e r m e n t i n g  at (E) 37°C, S p r e a d  p l a t e s  w e r e  d one on 
n u t r i e n t  a g a r  a n d  i n c u b a t i o n  was at 37°C f o r  48 hour s ,
160
d e  M a n ,  R o g o s a  a n d  S h a r p e  a g a r  ( F i g s .  2 9 A  t h r o u g h  E  a n d  T a b l e  2 1 ) .
D u r i n g  f e r m e n t a t i o n  a t  1 5 ° C ,  a  d e c l i n e  i n  t h e  m o u ld ,  c o u n t  w a s  n o t e d .  
T h e r e  w a s  a  s t e a d y  r i s e  i n  t h e  n u m b e r  o f  l a c t o b a c i l l i  f r o m  d a y  1 —  
t h e s e  w e r e  c o m p r i s e d  m a i n l y  o f  l a c t i s ,  L .  b r e v i s  a n d  b u c h n e r i . 
T h e r e  w a s  a l s o  p r e s e n t  t h r o u g h o u t  t h e  f e r m e n t a t i o n  a  s t r i k i n g  n u m b e r  
o f  m e s e n t e r o i d e s . P .  a c i d i l a c t i c i  a n d  f a e c a l i s  b e g a n  t o  
d e v e l o p  b y  d a y  4 .
A t  2 0 ° C ,  t h e  l a c t o b a c i l l i  d e v e l o p e d  m o r e  r a p i d l y  a n d  i n  l a r g e r  
n u m b e r s  t h a n  a t  1 5 ° C .  L .  c e l l o b i o s u s  w a s  i s o l a t e d  i n  a d d i t i o n  t o  
t h o s e  s p e c i e s  i s o l a t e d  a t  1 5 ° C .  T h e r e  w a s  a  s t e a d y  n u m b e r  o f  P .  
c e r e v i s i a e ,  P .  a c i d i l a c t i c i  a n d  m e s e n t e r o i d e s  t h r o u g h o u t  t h e  
f e r m e n t a t i o n .
A t  2 5 ° C ,  t h e r e  w a s  a  h i g h  c o u n t  o f  o v e r  1 0 8 / g  o f  t r i c h o d e s , L .  
l a c t i s , L . b r e v i s , L .  p l a n t a r u m  a n d  ]L _  c e l l o b i o s u s  t h r o u g h o u t  t h e  
f e r m e n t a t i o n .  T h i s  w a s  a c c o m p a n i e d  b y  a n  e q u a l l y  h i g h  c o u n t  o f  L . 
m e s e n t e r o i d e s . Y e a s t s  b e g a n  t o  d e v e l o p  b y  d a y  5 .
A t  3 0 ° C ,  a  b a l a n c e d  d i s t r i b u t i o n  o f  l a c t o b a c i l l i  w a s  p r e s e n t ;  L .  
f e r m e n t u m , L .  b r e v i s  a n d  1L_ p l a n t a r u m  w e r e  f o u n d .  I n  a d d i t i o n ,  
p e d i o c o c c i ,  s t r e p t o c o c c i ,  l e u c o n o s t o c s  a n d  y e a s t s  w e r e  i s o l a t e d .
T h e  3 7 ° C  f e r m e n t  w a s  p r e d o m i n a t e d  b y  l a c t o b a c i l l i  t h r o u g h o u t  t h e  
6 - d a y  p e r i o d ,  f o l l o w e d  b y  s t r e p t o c o c c i ,  l e u c o n o s t o c s  a n d  y e a s t s .
W h i l e  M R S  w a s  n o t  a s  s e l e c t i v e  a s  e x p e c t e d ,  t h e  c o l o n y  m o r p h o l o g y  o f  
t h e  n o n - l a c t i c  a c i d  b a c t e r i a  w a s  c l e a r l y  r e c o g n i z e d .  T h e  y e a s t s  w e r e  
c h a r a c t e r i z e d  b y  d i s t i n g u i s h a b l y  l a r g e  c o l o n i e s ,  w h i l e  c o l o n i e s  o f  
E n t e r o b a c t e r  s p p . h a d  a  t e n d e n c y  t o  s p r e a d .
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.3m.
[] = Moulds 
4 = Pediococci
4 = Yeast
O = Lactobacilli
5 = Enterobacteria 
o = Leuoonostoo
® = Streptococcus
Fermentation days
B
3ql
3 4
Fermentation days
P = Moulds 
t> = Fediococcus 
(► = Yeasts 
□ = Lactobacilli 
S = Enterobacteria 
O = Leuoonostoo 
• = Streptococcus 
S = Staph/microe
F I G U R E  29 (A a n d  B)( D i s t r i b u t i o n  of o r g a n i s m s  in m a i z e  
m e a l  f e r m e n t i n g  at (a) 15°C a n d  (B) 20°C, S p r e a d  p l a t e s
w e r e  d o n e  on M.R . S ,  a g a r  a n d  i n c u b a t i o n  was at 30°C 
f o r  3 ra5 days,
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Q = Mould 
v = Pediococci 
▼ = Yeast 
■ = Enterobacteria 
O = Leuoonostoo 
• = Streptococci
rcrococ 
□ = Laotobacilli
Em. i
":,C
■c 
□ '
D
i
0  = Mould 
> = Pedioooocus 
. = Yeast
■ = Enterobacteria 
O  = Leuoonostoo
• = Streptococci
* = Flavobacterium 
□ = Lactobacilli
3 4
Fermentation, days
F i g u r e  29 (C a n d  D), D i s t r i b u t i o n  of o r g a n i s m s  in m a i z e  
m e a l  f e r m e n t i n g  at (c )  25°C and (D) at 30°C. S p r e a d  
p l a t e s  w e r e  d o n e  on M . R . S .  a g a r  and i n c u b a t i o n  was at 
3 0 ° C  f o r  3 “5 days.
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Table 22. Appearance of G. candidum in Impala
fermentation
F e r m e n t a t i o n t e m p e r a t u r e
1 5 ° 2 0 ° 2 5 ° 3 0 ° 3 7 ° 4 4 °
D a y 1 - - - - - -
D a y 2 - - - - - -
D a y 3 - - - - - -
D a y 4 - - + - - -
D a y 5 - - + + - -
D a y 6 - + + 4* - -
D a y 8 - *F + + - -
A p p e a r a n c e  o f  G e o t r i c h u m  c a n d i d u m  d u r i n g  t i n g  f o r m a t i o n .
T h e  a p p e a r a n c e  o f  c a n d i d u m  w a s  m o n i t o r e d  u s i n g  m a l t  e x t r a c t  a g a r .  
F e r m e n t a t i o n  o f  m e a l ,  w a s  a l l o w e d  t o  p r o c e e d  a t  v a r i o u s  t e m p e r a t u r e s  
o v e r  a  p e r i o d  o f  8  d a y s .  I t  w a s  o b s e r v e d  m i c r o s c o p i c a l l y  ( T a b l e  2 2 )  
t h a t  Gj_ c a n d i d u m  o n l y  a p p e a r e d  a t  t e m p e r a t u r e s  b e t w e e n  2 0 °  a n d  3 0 ° C  
a f t e r  a t  l e a s t  3 d a y s .
D i r e c t  m i c r o s c o p i c  c o u n t s
I n  a d d i t i o n  t o  i s o l a t i o n  o f  v a r i o u s  o r g a n i s m s  o n  d i f f e r e n t  m e d i a ,  
d i r e c t  m i c r o s c o p y  w a s  u s e d  t o  m o n i t o r  t h e  c h a n g e s  i n  f l o r a  o f  
m a i z e  m e a l  f e r m e n t i n g  a t  d i f f e r e n t  t e m p e r a t u r e s  ( T a b l e  2 3 ) .  T h e
Ta
bl
e 
23
. 
E
ffe
ct
 
of 
fe
rm
en
ta
tio
n 
te
m
pe
ra
tu
re
 
on 
th
e 
di
re
ct
 
m
ic
ro
sc
op
ic
 
co
un
t 
of 
ti
n
g
167
N
O
TE
S
: 
(±
) 
= 
fe
w
e
r 
th
an
 
10
 
o
rg
a
n
is
m
s
/f
ie
ld
; 
(+
) 
= 
1
0
-5
0
 
o
rg
a
n
is
m
s
/f
ie
ld
; 
(+
+
) 
= 
o
ve
r 
50
 
o
rg
a
n
is
m
s
/f
ie
ld
 
. M
ag
ni
fi
ca
ti
on
 
- 
(x 
io
o 
o)
1 6 8
p r e d o m i n a n c e  o f  G r a m  n e g a t i v e  r o d s  a t  t h e  l o w e r  f e r m e n t a t i o n  
t e m p e r a t u r e s  w a s  q u i t e  n o t i c e a b l e .  A t  t h e  h i g h e r  t e m p e r a t u r e s ,  G r a m  
p o s i t i v e  o r g a n i s m s  w e r e  m o s t  c o m m o n . A l s o  o b s e r v e d  w a s  t h e  d e c l i n e  
i n  c o u n t  w i t h  i n c r e a s i n g  t e m p e r a t u r e  a b o v e  30°C.
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a * E f f e c t  o n  p H  c h a n g e s
A  c o m p a r i s o n  o f  f e r m e n t a t i o n  r a t e s  o f  f e r m e n t i n g  m e a l  w i t h  a m y l a s e  
a d d e d  a n d  n a t u r a l l y  f e r m e n t i n g  m e a l  w a s  m a d e  ( F i g .  3 0 A ) .
A l p h a  a m y l a s e  ( F i g .  3 0 A )  :
W h i l e  t h e  r a t e s  a t  2 0 °  a n d  2 5 °  w e r e  n o t  a l t e r e d ,  t h e r e  w a s  a  s l i g h t  
i n c r e a s e  i n  r a t e  a t  3 0 °  a n d  3 7 ° C .  A t  4 4 ° ,  t h e r e  w a s  a  r e d u c t i o n  
i n  f e r m e n t a t i o n  r a t e  w i t h  a  m in im u m  p H  o f  3 . 5  r e a c h e d ,  w h i l e  i n  
n a t u r a l l y  f e r m e n t i n g  m e a l ,  a  p H  o f  3 . 1  w a s  r e a c h e d .  T h i s  s u g g e s t e d  
t h a t  t h e  t e m p e r a t u r e  o f  o p t im u m  a c t i v i t y  o f  t h e  e n z y m e  l a y  b e t w e e n  
3 0 °  a n d  3 7 ° C .
B e t a  a m y l a s e  ( F i g .  3 0 B )
T h e  r a t e  o f  t h e  2 0 °  f e r m e n t  w a s  n o t  n o t i c e a b l y  a l t e r e d ,  b u t  t h a t  o f  
t h e  2 5 ° C  f e r m e n t  w a s .  T h e r e  w a s  a l s o  v e r y  l i t t l e  d i f f e r e n c e  b e t w e e n  
t h e  r a t e s  o f  t h e  3 0 °  p H  a n d  t h a t  o f  t h e  c o n t r o l .  T h e  r a t e s  o f  t h e  
3 7 °  a n d  4 4 ° C  w e r e ,  o n  t h e  w h o l e  , s l o w e r  t h a n  t h o s e  w h e r e  a l p h a  a m y l a s e  
h a d  b e e n  a d d e d .
A l p h a  p l u s  B e t a  a m y l a s e  ( F i g .  3 0 C )
A  c o m b i n a t i o n  o f  b o t h  e n z y m e s  r e s u l t e d  i n  a n  i n c r e a s e  i n  t h e  
f e r m e n t a t i o n  r a t e s  a t  t h e  l o w e r  t e m p e r a t u r e s  ( 2 0 °  a n d  2 5 ° ) ,  w h i l e  
a  r e d u c t i o n  i n  r a t e  o f  f e r m e n t a t i o n  r e s u l t e d  a t  t e m p e r a t u r e s  a b o v e  
3 0 ° .  A t  3 0 ° ,  t h e r e  w a s  n o  d i f f e r e n c e  i n  r a t e s  b e t w e e n  t h e  c o n t r o l  
a n d  e x p e r i m e n t a l  f e r m e n t a t i o n s .
A l p h a  a m y l a s e  i n h i b i t o r  ( F i g .  3 0 D )
IV. Effect of addition of amylases to fermenting meal
N o  c h a n g e  i n  r a t e  o c c u r r e d  a t  2 0 ° ,  2 5 ° ,  3 0 ° ,  3 7 ° C .  T h e  4 4 ° C  f e r m e n t  
a p p e a r e d  t o  b e  i m p e d e d .
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F ig u re  30 (A th rough  E f fe c t  on pR o f fe rm e n tin g  meal o f the 
a d d it io n  o f  (A) e0k  per cen t a lpha  amylase (B) per cent
be ta  amylase, (c )  *04 per c e n t, a lpha  and beta  amylase and
(d ) pe r c e n t, a lpha  amylase in h ib ito r®
b. Effect on gaseous evolution during fermentation (Table 24)
T h e  r e s u l t s  o f  t h e s e  o b s e r v a t i o n s  w e r e  c o m p a r e d  w i t h  t h o s e  o f  
n a t u r a l l y  f e r m e n t i n g  m e a l  a t  v a r i o u s  t e m p e r a t u r e s .
A d d i t i o n  o f  a l p h a  a m y l a s e  h a d  n o  e f f e c t  o n  t h e  2 0 ° ,  3 7 °  a n d  4 4 °C
f e r m e n t s .  A t  2 5 °  a n d  3 0 ° C  t h e r e  w a s  a n  i n c r e a s e  i n  t h e  v i g o u r  a n d
a l s o  i n  t h e  d u r a t i o n  o f  g a s  e v o l u t i o n .
A d d i t i o n  o f  b e t a  a m y l a s e  h a d  n o  o b s e r v a b l e  e f f e c t  o n  t h e  f e r m e n t a t i o n  
a t  a l l  t e m p e r a t u r e s .
O n  t h e  o t h e r  h a n d ,  a  c o m b i n a t i o n  o f  b o t h  a l p h a  a n d  b e t a  a m y l a s e  
i n c r e a s e d  t h e  v i g o u r  a n d  l e n g t h  o f  t i m e  o f  e v o l u t i o n  a t  3 0 °  a n d  3 7 ° .
A t  4 4 ° ,  t h e r e  w a s  a  s l i g h t  e v o l u t i o n  o n  d a y  3 .
T h e  a l p h a  a m y l a s e  i n h i b i t o r  r e s u l t e d  i n  r e d u c e d  e v o l u t i o n  a t  2 0 ° ,
b u t  n o  e f f e c t  o n  t h e  r a t e  a t  t h e  o t h e r  t e m p e r a t u r e s .
c . E f f e c t  o n  p l a t e  c o u n t s
d e  M a n ,  R o g o s a  a n d  S h a r p e  (M R S ) a g a r  ( F i g s .  3 l A ,  B ,  C  a n d  D )
A  c o m p a r i s o n  w a s  m a d e  b e t w e e n  p l a t e  c o u n t s  o f  n a t u r a l l y  f e r m e n t i n g  
m e a l  a t  v a r i o u s  t e m p e r a t u r e s  a n d  t h o s e  w h e r e  v a r i o u s  a d d i t i v e s  w e r e  
i n c l u d e d  i n  t h e  f e r m e n t a t i o n .
A d d i t i o n  o f  a l p h a  a m y l a s e  h a d  s o r ^ e  ' e f f e c t  o n  p l a t e  c o u n t s  
b e t w e e n  2 0 °  a n d  3 7 ° C .  T h e  m a x im u m  i n c r e a s e  w a s  a t  3 0 ° ,  b y  6 . 8  l o g  
u n i t s ,  f o l l o w e d  b y  t h e  3 7 °C  f e r m e n t  w i t h  6 . 2 5  l o g  u n i t s .  A t  2 0  
a n d  2 5 ° C  a n  i n c r e a s e  o f  a r o u n d  5 . 7 5  w a s  r e a c h e d  b y  d a y  4 .  A t  4 4 ° C ,  
a n  i n c r e a s e  o f  3 . 5  l o g  u n i t s  w a s  t h e  m a x im u m .
T h e  r a t e  o f  i n c r e a s e  b e t w e e n  2 0 °  a n d  3 7 ° C  w a s  s l i g h t l y  s l o w e r  w h e n  b e t a  
a m y l a s e  w a s  a d d e d .  A t  3 0 ° C ,  a  m a x im u m  i n c r e a s e  o f  6 . 2 5  u n i t s  w a s  
r e a c h e d  o n  d a y  2 .  A n  i n c r e a s e  b y  t h e  s a m e  u n i t s  ( 5 . 7 5 )  w a s  r e a c h e d  
b y  t h e  2 0 °  a n d  2 5 ° C  f e r m e n t s  b y  d a y  3 .  T h e  4 4 °C  w a s  i n c r e a s e d  b y
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Table 24. E f fe c t  o f  a d d it io n  o f  a lpha amylase, be ta  amylase 
and a lpha amylase in h ib i t o r  on gaseous e v o lu t io n  
d u rin g  t in g  fe rm e n ta tio n
D a y s
f e r m e n t ­
a t i o n
F e r m e n t a t i o n t e m p e r a t u r e
2 0 ° 2 5 °  3 0 ° 3 7 ° 4 4 °
A l p h a 1 - _ - -
a m y l a s e
2 - + +  +-t*+ + + + -
3 + + +  + + + + + + -
4 + +  + - -
5
6
7
8
+ +  +
- -
B e t a 1 - - - -
a m y l a s e
2 - + + + + + + -
3 + + +  + + + + + -
4
5
+ + — —
6
7
— — — — —
8 - - - -
A l p h a  +  
b e t a  
a m y l a s e
+
++
+++
+++
++
+
+++ 
+ H—h 
++ 
+
A l p h a  1
a m y l a s e  3  
i n h i b i t o r
3
4
5
6
7
8
++
++
++
+++
++
++
+
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A d d i t i o n  o f  t h e  a l p h a  a m y l a s e  i n h i b i t o r  r e s u l t e d  i n  a n  i n c r e a s e  
b y  5 . 7 5  t o  6 . 2 5  u n i t s  b e t w e e n  2 0 °  a n d  3 7 ° C .  A t  4 4  ° C ,  a  m a x im u m  
i n c r e a s e  i n  p l a t e  c o u n t  b y  5  u n i t s  w a s  n o t e d .
N u t r i e n t  a g a r  ( F i g s .  3 2 A ,  B ,  C  a n d  D )
A d d i t i o n  o f  a l p h a  a m y l a s e  r e s u l t e d  i n  a n  i n c r e a s e  o f  b e t w e e n  3 . 3  
t o  4 . 4  l o g  u n i t s  b e t w e e n  2 0 °  a n d  3 0 ° C .  T h e  i n c r e a s e  i n  c o u n t  a t  
3 7 °  a n d  4 4 °  w a s  e v i d e n t  b y  d a y  6 .
O n  t h e  o t h e r  h a n d ,  a d d i t i o n  o f  b e t a  a m y l a s e  r e s u l t e d  i n  a  s l o w  b u t  
s t e a d y  g r o w t h  a t  a l l  t e m p e r a t u r e s .  T h e  m a x im u m  i n c r e a s e  w a s  a t  3 0 ° C  
b y  3 . 7  u n i t s ,  w h i l e  t h e  l o w e s t  i n c r e a s e  o c c u r r e d  a t  4 4 °C  b y  2 . 5  l o g  
u n i t s .
A d d i t i o n  o f  b o t h  e n z y m e s  r e s u l t e d  i n  i r r e g u l a r  g r o w t h  p a t t e r n s . T h e  
m a x im u m  i n c r e a s e  w a s  a t  3 0 ° C  b y  4 . 8  u n i t s ,  w h i l e  t h e  l o w e s t  w a s  a t  4 4 ° .  
A t  a l l  t e m p e r a t u r e s , t h e r e  w e r e  a t  l e a s t  t w o  p e a k s  t h a t  w o u l d  i n d i c a t e  
r a t e s  o f  d e v e l o p m e n t  o f  v a r i o u s  o r g a n i s m s .
A d d i t i o n  o f  t h e  a l p h a  a m y l a s e  i n h i b i t o r  d i d  n o t  s e e m  t o  a f f e c t  t h e  
t o t a l  p l a t e  c o u n t .  T h e  m a x im u m  i n c r e a s e  i n  r a t e  w a s  a t  3 0 °  a n d  
3 7 °C  a n d  t h e  l o w e s t  w a s  a t  4 4 ° C .
Y e a s t r e l  e x t r a c t  a g a r  p l u s  5 0  p p m  o x y t e t r a c y c l i n e  ( F i g s .  3 3 A ,  B ,  C a n d  D )
G r o w t h  o n  y e a s t r e l  a g a r  r e s u l t e d  i n  v e r y  i r r e g u l a r  g r o w t h  c u r v e s .
T h i s  w a s  d u e  t o  t h e  n o n - s e l e c t i v i t y  o f  t h e  m e d iu m .  S e v e r a l  p e a k s  
w e r e  p o s s i b l e  a t  e a c h  t e m p e r a t u r e .
A d d i t i o n  o f  a l p h a  a m y l a s e  r e s u l t e d  i n  a n  i n i t i a l  r a p i d  r i s e  o f  5 . 5  
u n i t s  a t  3 0 ° ,  3 7 °  a n d  4 4 ° C  a n d  a  s l o w  r i s e  o f  1 - 1 . 5  u n i t s  a t  2 0 °  
a n d  2 5 ° C .  S u b s e q u e n t l y ,  a n  i n c r e a s e  o f  5 u n i t s  w a s  n o t e d  a t  b o t h  
2 0 °  a n d  2 5 ° C .
A d d i t i o n  o f  b e t a  a m y l a s e  r e s u l t e d  i n  a n  i n c r e a s e  w i t h i n  2 4  h o u r s  b y
5 . 7 5  u n i t s  a t  4 4 ° C .  T h e  3 0 °  a n d  3 7 °C  f e r m e n t s  r e a c h e d  t h e  s a m e  
n u m b e r s  a f t e r  4 8  h o u r s ,  f o l l o w e d  b y  t h e  2 0 ° C ,  w i t h  a n  i n c r e a s e  o f
4 . 7 5  u n i t s .  T h e  s l o w e s t  r i s e  i n  c o u n t  o c c u r r e d  a t  2 5 ° C  d u r i n g  t h e  
f i r s t  4  d a y s .
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Addition of both enzymes depressed the-growth rate of the 44°C 
ferment. The highest increase by 5.8 units occurred at 30°C, 
during the f i r s t  24 hours.. A fte r 48 hours, both the 20° and 25°C 
ferments had high increases of around 5.6 units. The 37°C ferment 
was the slowest.
When the alpha amylase in h ib ito r was added, the 30° and 25° ferments 
were not altered much. The 20°, 37° and 44°C counts were reduced, 
especially during the in i t ia l  4 days of fermentation.
The results of these amylase experiments suggest that the addition 
of the various enzymes were not very e ffective in improving the meal 
in such a way as to hasten i t s  fermentation. This could be due to 
the minute amounts added or to the fact that the fermentable sugars 
present in the meal are in  greater amounts than would be expected 
fo r ungerminated maize.
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a .  G r o w t h  o f  t i n g  i s o l a t e s  i n  s t e r i l e  i r r a d i a t e d  m a i z e  m e a l
F o r  e a c h  g r o u p  o f  o r g a n i s m s  s t u d i e d ,  s u i t a b l e  g r o w t h  m e d i a  w e r e  
u s e d  t o  m o n i t o r  g r o w t h  i n  m a i z e  m e a l .
Y e a s t s
R h o d o t o r u l a  r u b r a  ( F i g .  3 4 A )  i n c r e a s e d  b y  2 l o g  u n i t s  b e t w e e n  1 5 °  
a n d  3 0 ° .  A b o v e  t h a t  t e m p e r a t u r e ,  t h e  c e l l s  f a i l e d  t o  g r o w .  S . 
u v a r u m  i n c r e a s e d  b y  2 . 5  t o  3 l o g  u n i t s  b e t w e e n  1 5 °  a n d  3 7 ° C  ( F i g .
3 4 B )  . D e a t h  o c c u r r e d  a t  4 4 ° C . S . r o u x i i  ( F i g .  3 5 A )  s h o w e d  v e r y  
p o o r  g r o w t h  b e t w e e n  1 5 °  a n d  3 0 °C  d u r i n g  t h e  f i r s t  2 4  h o u r s .  T h e r e a f t e r ,  
t h e r e  w a s  a  d e c l i n e  i n  n u m b e r s .  T h e r e  w a s  c e l l  d e a t h  a b o v e  3 0 ° C .
T h e r e  w a s  a  r a p i d  2 . 5  l o g  u n i t  i n c r e a s e  i n  t h e  c o u n t  o f  C . m y c o d e r m a  
( F i g .  3 5 B )  b e t w e e n  2 0 °  a n d  3 7 ° C .  T h e  1 5 ° C  c o u n t ,  w h i l e  i n i t i a l l y  
s l o w ,  r o s e  r a p i d l y  a f t e r  2 4  h o u r s .  R a p i d  d e a t h  w a s  o b s e r v e d  a t  4 4 ° C .
S .  c e r e v i s i a e  ( F i g .  3 5 C )  s h o w e d  a  2 . 5  l o g  u n i t  i n c r e a s e  b e t w e e n  1 5 °  
a n d  3 7 ° C .  N o  g r o w t h  o c c u r r e d  a t  4 4 ° C .  T h e r e  w a s  a  2 . 5  l o g  u n i t  
i n c r e a s e  i n  t h e  c o u n t  o f  P .  m e m b r a n a e f a c i e n s  ( F i g .  3 5 D )  b e t w e e n  2 0 °  
a n d  3 7 ° C .  G r o w t h  w a s  s l o w e r  a t  1 5 ° C  a n d  g r a d u a l  d e a t h  w a s  o b s e r v e d  
a t  4 4 ° C .
L a c t i c  a c i d  b a c t e r i a
V. Production of starters for use in ting fermentation
T h e r e  w a s  a  3 l o g  u n i t  i n c r e a s e  i n  t h e  c o u n t  o f  L .  l a c t i s  ( F i g .  3 6 )  
b e t w e e n  2 0 °  a n d  3 7 °  d u r i n g  t h e  i n i t i a l  2 4  h o u r s .  T h i s  w a s  
a c c o m p a n i e d  b y  a  g r a d u a l  d e c l i n e  a f t e r  4 8  h o u r s  a t  3 0 °  a n d  3 7 ° C .
S lo w  g r o w t h  o c c u r r e d  a t  1 5 ° C  a n d  d e a t h  w a s  o b s e r v e d  a t  4 4 ° C . L .
t r i c h o d e s  ( F i g .  3 7 A )  f a i l e d  t o  g r o w  a t  4 4 ° C  b u t  s h o w e d  a  2 . 5 - 3  l o g  
u n i t  g r o w t h  b e t w e e n  2 0 °  a n d  3 7 °  d u r i n g  t h e  f i r s t  4 8  h o u r s  f o l l o w e d  
b y  a  d e c l i n e  i n  c o u n t .  G r o w t h  a t  1 5 ° C  w a s  g r a d u a l .  L .  b r e v i s  
( F i g .  3 7 B )  i n c r e a s e d  b y  2 . 5  l o g  u n i t s  b e t w e e n  1 5 °  a n d  3 7 ° C  o v e r  t h e  
4  d a y s  o f  f e r m e n t a t i o n .  C e l l  d e a t h  o c c u r r e d  a t  4 4 ° C .  L . b u c h n e r i  
( F i g .  3 7 C )  h a d  a  1 . 5  l o g  u n i t  g r o w t h  d u r i n g  t h e  i n i t i a l  2 4  h o u r s  
b e t w e e n  1 5 °  a n d  3 7 ° C .  D e a t h  o c c u r r e d  a t  4 4 ° C .  L .  c e l l o b i o s u s  
( F i g .  3 7 D )  h a d  a  s t e a d y  i n c r e a s e  i n  c o u n t  o f  2 - 2 . 5  l o g  u n i t s  o v e r  a
p e r i o d  o f  4  d a y s  b e t w e e n  1 5 °  a n d  3 7 ° C .  D e a t h  o c c u r r e d  a t  4 4 ° C .
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F e r m e n t a t i o n  d a y s
F e r m e n t a t i o n  d a y s
F i g u r e  3 4  (A  a n d  B ) . E f f e c t  o f  t e m p e r a t u r e  o n  g r o w t h  o f  (A )  R h o d o t o r u l a  
r u b r a  a n d  (B )  S a c c h a r o m y c e s  u v a r u m  i n  i r r a d i a t e d  m e a l .
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L . f e r m e n t u m  ( F i g .  3 8 A )  s h o w e d  a  r a p i d  i n c r e a s e ,  b y  3  l o g  u n i t s  
b e t w e e n  2 5 °  a n d  4 4 ° C .  G r o w t h  a t  2 0 ° C  w a s  m u c h  s l o w e r ,  w h i l e  n o  
g r o w t h  w a s  o b s e r v e d  a t  1 5 ° C .  Li^ p l a n t a r u m  ( F i g .  3 8 B )  d e m o n s t r a t e d  
a  2 . 5  t o  3 l o g  u n i t  i n c r e a s e  i n  c o u n t  b e t w e e n  1 5 °  a n d  3 7 ° C .  G r o w t h  
a t  1 5 ° C  w a s  s l o w e r ,  w h i l e  d e a t h  o c c u r r e d  g r a d u a l l y  a t  4 4 ° C .
B e t w e e n  1 5 °  a n d  3 7 ° C ,  t h e r e  w a s  a  1 . 5  t o  2 l o g  u n i t  i n c r e a s e  i n  
g r o w t h  f o r  P .  a c i d i l a c t i c i  ( F i g .  3 9 A ) . R a p i d  d e a t h  w a s  o b s e r v e d  
a t  4 4 ° .  S .  f a e c a l i s  ( F i g .  3 9 B )  a l s o  d e m o n s t r a t e d  p o o r  g r o w t h  (1  
l o g  u n i t )  b e t w e e n  2 0 °  a n d  3 0 ° C ,  n o  g r o w t h  a t  1 5 °  a n d  3 7 ° C  d u r i n g  t h e  
f i r s t  t h r e e  d a y s  a n d  g r a d u a l  d e a t h  a t  4 4 ° C .  P .  c e r e v i s i a e  ( F i g .  3 9 C )  
s h o w e d  p o o r  g r o w t h  b y  1 . 5  l o g  u n i t s  b e t w e e n  2 5 °  a n d  3 7 ° ,  n o  g r o w t h  a t  
1 5 °  a n d  2 0 °  a n d  d e a t h  a t  4 4 ° C .  L_. m e s e n t e r o i d e s  ( F i g .  3 9 D )  s h o w e d
a n  i n i t i a l  i n c r e a s e  o f  2 l o g  u n i t s  b e t w e e n  1 5 °  a n d  3 7 ° C  o v e r  a  p e r i o d  
o f  4 8  h o u r s . N o  g r o w t h  w a s  o b s e r v e d  a t  4 4  ° C .
E n t e r o b a c t e r i a
K .  a e r o g e n e s  ( F i g .  4 0 A )  h a d  a n  i n c r e a s e  o f  2 . 5 - 3 . 5  l o g  u n i t s  b e t w e e n  
2 0 °  a n d  3 7 ° C ,  g r a d u a l  g r o w t h  a t  1 5 °  a n d  d e a t h  a t  4 4 ° C .  B o t h  E n t .  
a e r o g e n e s  ( F i g .  4 0 B )  a n d  E n t . c l o a c a e ( F i g . 4 0 D )  h a d  a n  i n c r e a s e  o f  
1 . 5  l o g  u n i t s  a t  1 5 ° C  a n d  2 . 5 - 3  l o g  u n i t s  b e t w e e n  2 0 °  a n d  3 7 ° C .
R a p i d  d e a t h  o c c u r r e d  a t  4 4 ° C .
O t h e r  o r g a n i s m s
N o  g r o w t h  o f  .M. l u t e u s  ( F i g .  4 0 C )  w a s  o b s e r v e d  d u r i n g  t h e  f i r s t  4 8  
h o u r s  b e t w e e n  1 5 °  a n d  3 7 ° C .  D e a t h  o f  c e l l s  o c c u r r e d  a t  4 4 ° C .
V e r y  l i t t l e  g r o w t h  o f  S_. a u r e u s  ( F i g .  4 1 A )  w a s  o b s e r v e d  b e t w e e n  1 5 °  
a n d  3 7 ° C .  M o s t  g r o w t h  o c c u r r e d  a t  2 5 ° C .  T h e r e  w a s  g r a d u a l  d e a t h  
o f  c e l l s  a t  4 4 ° C .  N o  g r o w t h  o f  S_. e p i d e r m i d i s  ( F i g .  4 1 C )  w a s  
d e m o n s t r a t e d  b e t w e e n  1 5 °  a n d  3 7 ° C ,  e x c e p t  f o r  a  0 . 5  l o g  u n i t  i n c r e a s e  
i n  c o u n t  a t  3 0 ° C .  R a p i d  d e a t h  o c c u r r e d  a t  4 4 ° C .
F o r  B_. c e r e u s  ( F i g .  4 I B )  a  r a p i d  i n c r e a s e  i n  c o u n t  b y  2 . 5  l o g  u n i t s  
o c c u r r e d  b e t w e e n  3 0 °  a n d  4 4 ° C .  T h e r e  w a s  s l o w  g r o w t h  a t  2 0 °  a n d  2 5 ° C  
a n d  n o  g r o w t h  a t  1 5 ° C .  A  4  l o g  i n c r e a s e  i n  g r o w t h  o f  B .  s u b t i l i s  
( F i g .  4 I D )  o c c u r r e d  a t  3 7 °  a n d  4 4 ° C ,  f o l l o w e d  b y  a  2 l o g  i n c r e a s e  a t
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F e r m e n t a t i o n  d a y s
F e r m e n t a t i o n  d a y s
F i g u r e  3 8  (A  a n d  B ) . E f f e c t  o f  t e m p e r a t u r e  o n  g r o w t h  o f  (A )  L a c t o b a c i l l u s  
f e r m e n t u m  a n d  (B )  L a c t o b a c i l l u s  p l a n t a r u m  i n  i r r a d i a t e d  m e a l .
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3 0 ° C ,  a  1 l o g  i n c r e a s e  a t  2 5 ° C  a n d  n o  g r o w t h  a t  2 0 °  a n d  1 5 ° C .
N o  g r o w t h  o f  F l a v o b a c t e r i u m  g r o u p  A  ( F i g .  4 2 A )  w a s  o b s e r v e d  d u r i n g  
t h e  f i r s t  2 4  h o u r s  b e t w e e n  1 5 °  a n d  3 7 ° C .  T h i s  w a s  f o l l o w e d  b y  
a  s l i g h t  g r o w t h  o f  l e s s  t h a n  1 l o g  u n i t ,  e x c e p t  a t  2 5 ° C ,  w h e r e  a n  
i n c r e a s e  b y  2 . 5  l o g  u n i t s  w a s  o b s e r v e d .  R a p i d  d e a t h  o f  c e l l s  
o c c u r r e d  a t  4 4 ° C .  F l a v o b a c t e r i u m  g r o u p  O ( F i g .  4 2 B )  a l s o  e x h i b i t e d  
n o  g r o w t h  d u r i n g  t h e  i n i t i a l  2 4  h o u r s .  T h i s  w a s  f o l l o w e d  b y  a  3 
l o g  u n i t  i n c r e a s e  a t  2 5 °C  a n d  a  1 . 5  l o g  u n i t  i n c r e a s e  a t  2 0 °  a n d  3 0 ° C .  
R a p i d  d e a t h  w a s  o b s e r v e d  a t  4 4 ° C .
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F e r m e n t a t i o n  d a y s
F e r m e n t a t i o n  d a y s
F i g u r e  4 2  (A  a n d  B ) . E f f e c t  o f  t e m p e r a t u r e  o n  g r o w t h  o f  (A )  F l a v o b a c t e r i u m  
g r o u p  A  a n d  (B )  F l a v o b a c t e r i u m  g r o u p  O i n  i r r a d i a t e d  m e a l .
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T h e  p u r e  c u l t u r e s  i s o l a t e d  f r o m  t i n g  w e r e  i n o c u l a t e d  i n t o  i r r a d i a t e d  
m e a l  a n d  p H  w a s  m o n i t o r e d  o v e r  a  p e r i o d  o f  5 d a y s .
Y e a s t s
W i t h  ^  c e r e v i s i a e  ( F i g .  4 3 A ) , t h e  g r e a t e s t  r e d u c t i o n  i n  p H  ( 1 . 7 5  
u n i t s )  o c c u r r e d  a t  3 7 ° C ,  f o l l o w e d  b y  3 0 °  , 2 5 ° ,  2 0 °  a n d  1 5 ° ,  
r e s p e c t i v e l y .  A t  4 4 ° C ,  t h e  p H  d r o p p e d  b y  . 6  d u r i n g  t h e  f i r s t  2 4  h o u r s ,
f o l l o w e d  b y  n o  c h a n g e .  S_^ r o u x i i  ( F i g .  4 3 B )  w a s  a  p o o r  p H  r e d u c e r
a t  a l l  t e m p e r a t u r e s .  A  r e d u c t i o n  b y  . 6  w a s  m o s t  c o m m o n . C . 
m y c o d e r m a  ( F i g .  4 3 C )  , P_. m e m b r a n a e f a c i e n s  ( F i g .  4 3 D )  a n d  S . u v a r u m  
( F i g .  4 4 B )  e x h i b i t e d  a  s i m i l a r  p a t t e r n  t o  c e r e v i s i a e . R .  r u b r a
( F i g .  4 4 A )  h a d  s i m i l a r  r e s u l t s  a s  S_. r o u x i i .
L a c t o b a c i l l i
L .  t r i c h o d e s  ( F i g .  4 5 B )  h a d  a  m a x im u m  p H  r e d u c t i o n  o f  2 . 5  a t  3 7 °
a n d  3 7 ° C ,  f o l l o w e d  b y  2 5 ° ,  2 0 °  a n d  1 5 ° C .  A  s l i g h t  r e d u c t i o n  b y  . 2 5
w a s  o b s e r v e d  a t  4 4 ° C .  L_. p l a n t a r u m  ( F i g .  4 5 A )  , c e l l o b i o s u s  ( F i g .  4 5 D )  ,
L .  l a c t i s  , ( F i g . 4 6 A )  , ]©. b u c h n e r i ' ( F i g .  4 8 C )  a n d  L_^ b r e v i s  ( F i g .  4 6 B )
h a d  s i m i l a r  e f f e c t s  o n  p H  a s  ) L  t r i c h o d e s ,  L . f e r m e n t u m  ( F i g .  4 5 C )
h a d  i t s  g r e a t e s t  r e d u c t i o n  i n  p H  o f  2 . 7 5  a t  3 7 °  a n d  4 4 ° C ,  f o l l o w e d
b y  3 0 ° ,  2 5 ° ,  2 0 ° C  a n d  a  r e d u c t i o n  o f  < 5  u n i t s  w a s  n o t i c e d  a t  1 5 ° C .
O t h e r  l a c t i c  a c i d  b a c t e r i a
P .  a c i d i l a c t i c i  ( F i g .  4 7 A )  w a s  a  p o o r  p H  r e d u c e r  a t  a l l  t e m p e r a t u r e s ,  
e x c e p t  a t  3 0 ° C ,  w h e r e  r e d u c t i o n  w a s  b y  2 . 7 5 .  EL c e r e v i s i a e  ( F i g .  4 7 B )  
f a i l e d  t o  r e d u c e  t h e  p H  b y  m o r e  t h a n  . 6  a t  a n y  t e m p e r a t u r e .  T h e  
r e d u c t i o n  o f  p H  b y  f a e c a l i s  ( F i g .  4 7 C )  w a s  g r e a t e s t  a t  3 7 ° C  ( 1 . 2 5  
l o g  u n i t s ) ,  f o l l o w e d  b y  3 0 ° ,  2 5 ° ,  2 0 °  a n d  1 5 ° C .  A t  4 4 ° C ,  r e d u c t i o n  
w a s  b y  . 2 5  d u r i n g  t h e  i n i t i a l  2 4  h o u r s .  m e s e n t e r o i d e s  ( F i g .  4 7 D )
w a s  a  m o r e  e f f e c t i v e  p H  r e d u c e r ,  b e i n g  m o r e  e f f e c t i v e  a t  3 7 °  a n d  
3 0 ° C  ( a r o u n d  2 . 4  u n i t s ) , f o l l o w e d  b y  2 5 ° ,  2 0 °  a n d  1 5 ° .  A t  4 4 ° C ,  t h e  
p H  w a s  r e d u c e d  b y  1 d u r i n g  t h e  f i r s t  2 4  h o u r s .
E f f e c t  o f  te m p e ra tu re  on re d u c t io n  o f  pH o f  fe rm e n tin g  m aize  meal
by p u re  is o la t e s
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F e r m e n ta t io n  d aya F e r m e n ta t io n  d a y o
F i g u r e  4 3  (A  t h r o u g h  D) . E f f e c t  o f  t e m p e r a t u r e  o n  p H  o f  m a i z e ,  f e r m e n t e d  w i t h  
s i n g l e  s t r a i n  c u l t u r e s  o f  (A )  S a c c h a r o m y c e s  c e r v i s i a e , (B )  S a c c h a r o m y c e s  r o u x i i , 
(C )  C a n d i d a  m y c o d e r m a  a n d  (D) P i c c h i a  m e m b r a n a e f a c i e n s
195.
F e r m e n t a t io n  d a y s
F e r m e n t a t io n  d a y s
F i g u r e  4 4  (A  a n d  B ) . E f f e c t  o f  t e m p e r a t u r e  o n  p H  o f  
m a i z e  m e a l  f e r m e n t e d  w i t h  s i n g l e  s t r a i n  c u l t u r e s  o f  
(A )  R h o d o t o r u l a  r u b r a  a n d  (B )  S a c c h a r o m y c e s  u v a r u m .
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F e r m e n ta t io n  d a y s  F e r m e n ta t io n  days
F i g u r e  4 5  (A  t h r o u g h  D ) . E f f e c t  o f  t e m p e r a t u r e  o n  p H  o f  m a i z e  m e a l  
f e r m e n t e d  w i t h  s i n g l e  s t r a i n  c u l t u r e s  o f  (A )  L a c t o b a c i l l u s
p l a n t a r u m , (B )  L a c t o b a c i l l u s  t r i c h o d e s , (C )  L a c t o b a c i l l u s  
f e r m e n t u m  a n d  (D )  L a c t o b a c i l l u s  c e l l o b i o s u s .
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B
F e r m e n ta t io n  d ays F e r m e n ta t io n  daya
F e r m e n ta t io n  d a y s
F i g u r e  4 7  (A  t h r o u g h  D ) . E f f e c t  o f  t e m p e r a t u r e  o n  p H  o f  m a i z e  m e a l  
f e r m e n t e d  w i t h  s i n g l e  s t r a i n  c u l t u r e s  o f  (A )  P e d i o c o c c u s  a c i d i l a c t i c i , 
(B )  P e d i o c o c c u s  c e r e v i s i a e , (C )  S t r e p t o c o c c u s  f a e c a l i s  a n d  (D )
L e u c o n o s t o c  m e s e n t e r o i d e s .
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S . a u r e u s  ( F i g .  4 8 A )  ,* S . e p i d e r m i d i s  ( F i g .  4 8 B )  a n d  B .  s u b t i l i s  
( F i g .  4 8 c )  w e r e  p o o r  a c i d  p r o d u c e r s ,  a l l  f a i l i n g  t o  r e d u c e  t h e  p H  
b y  m o r e  t h a n  1 a t  a l l  t e m p e r a t u r e s .  B .  c e r e u s  ( F i g .  4 8 D )  r e d u c e d  
t h e  p H  a t  3 7 °C  b y  1 . 7 5 ,  a t  3 0 ° C  b y  1 . 5 ,  s l i g h t l y  a t  2 5 ° ,  2 0 °  a n d  1 5 ° C ,  
a n d  h a r d l y  a t  a l l  a t  4 4 ° C .
G r a m  n e g a t i v e  r o d s  a n d  M . l u t e u s
Staphylococci and bacilli
I< 1 . a e r o g e n e s  ( F i g .  4 9 A )  a n d  E n t .  c l o a c a e ( F i g . 4 9 B )  w e r e  m o s t  e f f e c t i v e  
a t  3 7 ° C ,  r e d u c i n g  t h e  p H  b y  a r o u n d  1 . 7 ,  f o l l o w e d  b y  3 0 ° ,  2 5 ° ,  2 0 °  
a n d  1 5 ° C .  A t  4 4 ° C ,  t h e  r e d u c t i o n  b y  1 u n i t  o c c u r r e d  d u r i n g  t h e  
f i r s t  2 4  h o u r s .  E n t .  a e r o g e n e s  ( F i g .  4 9 D )  w a s  a  p o o r  a c i d  p r o d u c e r .  
T h e  m a x im u m  r e d u c t i o n  i n  p H  b y  1 . 2  o c c u r r e d  a t  3 7 ° C ,  f o l l o w e d  b y  
3 0 ° ,  4 4 ° ,  2 5 ° ,  2 0 °  a n d  1 5 ° C ,  r e s p e c t i v e l y .  M . l u t e u s  ( F i g .  4 9 C )  
f a i l e d  t o  r e d u c e  t h e  p H  b y  m o r e  t h a n  0 . 5  a t  a n y  t e m p e r a t u r e .
F l a v o b a c t e r i u m  s p p .  ( F i g .  5 0 )
B o t h  s p e c i e s  o f  f l a v o b a c t e r i a  f a i l e d  t o  r e d u c e  t h e  p H  o f  m e a l  b y  m o r e  
t h a n  0 . 5  a t  a n y  t e m p e r a t u r e .
F r o m  t h e  a b o v e  r e s u l t s ,  i t  w a s  c l e a r  t h a t  t h e  l a c t o b a c i l l i  w e r e  t h e  
m o s t  e f f i c i e n t  a c i d  p r o d u c e r s .
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F e r m e n ta t io n  d a y s
F e r m e n ta t io n  d a y s
FIGURE k8 (A through D) Effect of temperature on f>H of niaize 
meal fermented with single strain cultures of (a) Staphylococcus 
(B) Staphylococcus epidermidis 9 Bacillus subtillsaureus
a n d  ( D )  B a c i l l u s  c e r e u s
FIGURB ^9 (A through D) Effect of temperature on PH of maize 
fermented with single strain cultures of (A) Klebsiella 
aerogenes 9 (B) Enterobacter cloacae(c) Micrococcus luteus
and m  Enterobacter aerogenes»
F e r m e n t a t io n  d a y s
F e r m e n t a t io n  d a y s
F i g u r e  5 0  (A  a n d  B ) . E f f e c t  o f  t e m p e r a t u r e  o n  p H  
o f  m a i z e  m e a l  f e r m e n t e d  w i t h  s i n g l e  s t r a i n  c u l t u r e s  
o f  (A )  F l a v o b a c t e r i u j n  s p .  O ,  a n d  (B )  F l a v o b a c t e r i u m  
s p .  A .
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C . E f f e c t  o f  t e m p e r a t u r e  o n  a b i l i t y  o f  p u r e  c u l t u r e s  t o  p r o d u c e  
a c i d  f r o m  v a r i o u s  c o m p o n e n t s  o f  s t a r c h
M o s t  o f  t h e  i s o l a t e s  f r o m  f e r m e n t i n g  m a i z e  m e a l  w e r e  p o o r  a c i d  
p r o d u c e r s  f r o m  s t a r c h  a t  a l l  t e m p e r a t u r e s  ( T a b l e  2 5 ) .  Bj_ c e r e u s  
w a s  t h e  o n l y  o r g a n i s m  t h a t  p o s i t i v e l y  c h a n g e d  t h e  a c i d  i n d i c a t o r  a t  
2 0 °  a n d  2 5 ° C .  B_. s u b t i l i s  h a d  a  w e a k  r e a c t i o n  a t  2 5 ° C .
C o r n  d e x t r i n  ( T a b l e  2 6 )  w a s  f e r m e n t e d  b y  a  f e w  m o r e  o r g a n i s m s .  B . 
c e r e u s  w a s  t h e  s t r o n g e s t  a t  3 0 ° .  O t h e r  o r g a n i s m s  c a p a b l e  o f  a c i d  
p r o d u c t i o n  w e r e  K l e b s i e l l a , P e d i o c o c c u s , S . a u r e u s  a n d  L_. p l a n t a r u m . 
S i n c e  t h e  d e x t r i n  w a s  n o t  p u r e ,  c o n s i s t i n g  o f  5% o r  l e s s  r e d u c i n g  
p o w e r ,  t h e  r e s u l t s  w e r e  n o t  p r e c i s e .
A m y l o p e c t i n  w a s  c o n v e r t e d  i n t o  a c i d  m o s t  r a p i d l y  b y  B_. c e r e u s  a t  4 4 °  
a n d  2 5 ° C .  O t h e r  o r g a n i s m s  w i t h  p o s i t i v e  r e s u l t s  w e r e  K l . a e r o g e n e s , 
a n d  E n t . s p p . ( b e t w e e n  2 0 °  a n d  3 7 ° C )  , B_^ s u b t i l i s  a n d  P ^  a c i d i l a c t i C ?  
( T a b l e  2 7 ) .
B . s u b t i l i s  c o n v e r t e d  a m y l o s e  t o  a c i d  b e t w e e n  2 5 °  a n d  4 4 ° C ,  w h i l e  
a  s i m i l a r  r e a c t i o n  b y  B_. c e r e u s  o c c u r r e d  b e t w e e n  1 5 °  a n d  2 5 ° C .
A m y lo s e  w a s  a l s o  c o n v e r t e d  b y  P ^  a c i d i l a c t i c i , E n t .  s p p . a m d  K l e b s i e l l a  
s p p .  ( T a b l e  2 8 ) .
W h i l e  t h e  y e a s t s  a n d  b a c t e r i a  i s o l a t e d  w e r e  p o o r  a c i d  p r o d u c e r s  i n  
s t a r c h ,  m o s t  o f  t h e  m o u l d s  i s o l a t e d  p r o d u c e d  p o s i t i v e  r e s u l t s  w i t h i n  
2 4  h o u r s .  I t  w a s  f e l t  t h a t  t h e  a d d i t i o n  o f  w a t e r  t o  t h e  m e a l  w o u l d  
t r i g g e r  m o u l d  a m y l a s e  a c t i v i t y  t h a t  w o u l d  b r i n g  a b o u t  a n  i n c r e a s e  i n  
t h e  r e d u c i n g  p o w e r  i n  t h e  m e a l .
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T a b l e  2 5 .  A c i d  p r o d u c t i o n  i n  . 1  p e r  c e n t ,  c o r n  s t a r c h  i n  A n d r a d e s  
p e p t o n e  w a t e r  f o r  e n t e r o b a c t e r i a ,  B a c i l l u s  s p . ,  
s t a p h y l o c o c c i ,  m i c r o c o c c i ,  y e a s t s  a n d  f l a v o b a c t e r i a . 
F o r  l a c t i c  a c i d  b a c t e r i a ,  M R S  b a s a l  m e d i u m  w a s  u s e d .
I n c u b a t i o n  t e m p e r a t u r e
I s o l a t e s  1 5 °  2 0 °  2 5 °  3 0 °  3 7 °  4 4 °
S. cerevisiae -  ±  -
S. uvarum - -
S. rouxii - - — -
C. mycoderma -  -
P. membranae- 
faciens
R . rubra - -
L. fermentum -  -
L. plantarum - -
L .  cellobiosus - -
L . buchneri - -
L. trichodes -  -  -
L .  lactis - -
L. brevis - -
P. cerevisiae - -
P .  acidilactici - -  -  ' -  ±  ±
S. faecalis - -  -  -  -
L .  mesenteroides - -
B. subtilis - - ±  -  -
B. cereus - + + - -
5 .  aureus ± ± - ± -
S. epidermidis - -
M. luteus - -
Flavobacterium
A
Flavobacteriurn 
O
Ent. cloacae ±  -
Ent. aerogenes - - - ±
K1 . aerogenes - - - ± ~
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T a b l e  2 6 .  A c i d  p r o d u c t i o n  i n  . 1  p e r  c e n t ,  c o r n  d e x t r i n  i n  b r o t h .  
( A n d r a d e s  p e p t o n e  w a t e r  f o r  e n t e r o b a c t e r i a ,  
B a c i l l u s  s p . ,  s t a p h y l o c o c c i ,  m i c r o c o c c i ,  y e a s t s  
f l a v o b a c t e r i a .  F o r  l a c t i c  a c i d  b a c t e r i a ,  M R S  
b a s a l  m e d i u m  w a s  u s e d . )
I s o l a t e s
I n c u b a t i o n t e m p e r a t u r e
15° fO O 
j
0 
j
25° 3 0 ° 3 7 ° 44
S . cerevisiae - - - - - -
S. uvarum - - - - - ~
S. rouxii - - - - - -
C . mycoderma - - - - - -
P. membranaefaciens- - - - - -
R . rubra _ - - - - -
L. fermenturn - - - - - -
L. plantarum - - - ± - -
L. cellobiosus - - - - - -
L .  buchneri - - - - - -
L. trichodes - - - - - -
L. lactis - - - - - -
L. brevis - - - - - -
P. cerevisiae - - - + + -
P. acidilactici - ± - ± + -
S. faecal is - ± + ± - -
L . mesenteroides - _ - - - -
B. subtilis - + - - - ±
B . cereus - - + + + - -
S. epidermidis - - - - - -
S. aureus - - ± ± - _
M. luteus - - - - ± -
Flavobacterium a i ± i - - -
Flavobacterium o ± ± ± - - -
Ent. cloacae - - - - - ±
Ent. aerogenes - - - ± - -
Kl . aerogenes - - - + - ±
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T a b l e  2 7 .  A c i d  p r o d u c t i o n  i n  . 1 : p e r  c e n t ,  a m y l o p e c t i n  i n  b r o t h .  
( A n d r a d e s  p e p t o n e  w a t e r  f o r  e n t e r o b a c t e r i a ,  
B a c i l l u s  s p . ,  s t a p h y l o c o c c i ,  m i c r o c o c c i ,  y e a s t s  
a n d  f l a v o b a c t e r i a .  F o r  l a c t i c  a c i d  b a c t e r i a ,
MRS basal medium was used.)
I s o l a t e s 1 5 °
I n c u b a t i o n  t e m p e r a t u r e
2 0 ° 2 5 ° 3 0 ( 3 7 ° 4 4 '
S. cerevisiae 
S . uvarum 
S. rouxii
C . my coderma 
P. membranaefaciens- 
R . rubra 
L. fermentum 
L. plantarum 
L. cellobiosus 
L . buchneri 
L. trichodes 
L. lactis 
L. brevis 
P. cerevisiae 
P. acidilactici 
S. faecalis 
L. mesenteroides
B . subtilis
B . cereus 
S. aureus 
S. epidermidis 
M. luteus
Flavobacterium A  - 
Flavobacterium O ■ 
Ent. cloacae 
Ent. aerogenes 
K 1 . aerogenes
+
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T a b l e  2 8 .  A c i d  p r o d u c t i o n  i n  .  1 p e r c e n t ,  a m y l o s e  i n  b r o t h .  ( A n d r a d e s  
p e p t o n e  w a t e r  f o r  e n t e r o b a c t e r i a ,  B a c i l l u s  s p . ,  
s t a p h y l o c o c c i ,  y e a s t s ,  m i c r o c o c c i  a n d  f l a v o b a c t e r i a .  
F o r  l a c t i c  a c i d  b a c t e r i a ,  M R S  b a s a l  m e d i u m  w a s  
u s e d . )
I n c u b a t i o n  t e m p e r a t u r e
I s o l a t e s  1 5 °  2 0 °  2 5 °  3 0 °  3 7 °  4 4 '
S . . c e r e v i s i a e  _ _ _ _  +  _
S . u v a r u m  _
S. rouxii _ _ _ _ _ _
C . mycoderma _ _ _ _ _ _
P.  membranaefaciens - - - - - -
R . rubra _ _ _ _ _ _
L. fermentum _ _ _ _ _ _
L . plantarum _ _ _ _ _ _
L .  cellobiosus _ _ _ _ _ _
L . buchneri _ _ _ _ _ _
L. trichodes _ _ _ _ _ _
L .  lactis - - - - - -
L .  brevis - - - - - -
P .  cerevisiae _ _ _ _ _ _
P.  acidilactici _ _ _ _  +  _
5 .  faecalis _ _ _ _ _ _
L .  mesenteroides _ _ _ _ _ _
B. subtilis -  -  ±  +  ±  +
B . cereus ±  +  +  -  -
S. aureus -  -  -  -  - -
S’ , epidermidis -  -  -  -  -
luteus _ _ _ _ _ _
Flavobacterium A  ±  -  -  ±
Flavobacterium o ± - ±  -  ±  -
S n t .  cloacae _  +  _ _ _ _
B n t .  aerogenes -  ±  -  ±  -  +
/ C l . aerogenes _ _  +  _ _ _
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d .  P r o d u c t i o n  o f  c h a r a c t e r i s t i c  a r o m a  b y  t h e  t i n g  i s o l a t e s
££><?« e.cf
A  p a n e l  o f  1 6  j u d g e s  w a s  g i v e n / 3 - d a y - o l d  p u r e  f e r m e n t s  o f  i r r a d i a t e d  
m e a l  t o  a s s e s s  f o r  a  c h a r a c t e r i s t i c  t i n g  a r o m a .
f
F r o m  T a b l e  2 9 ,  i t  w a s  c l e a r  t h a t  t h e  h i g h e s t  s c o r e  w a s  t h a t  o f  S .  
c e r e v i s i a e  a t  9 3 . 7 5 % ,  f o l l o w e d  b y  C . m y c o d e r m a  a t  8 2 . 5 % ,  L .  f e r m e n t u m  
a n d  E n t .  c l o a c a e  a t  5 6 . 2 5 %  a n d  p l a n t a r u m , S .  u v a r u m , a n d  E n t .  
a e r o g e n e s  a t  5 0 % .
S t a t i s t i c a l  a n a l y s i s  o f  t h e  d a t a
T h e  s i x  s t r a i n s  t h a t  w e r e  u s e d  w e r e  S ^  c e r e v i s i a e  ( S c ) ,  C .  m y c o d e r m a  
( C m ) , L .  f e r m e n t u m  ( L f ) , E n t .  c l o a c a e ( E c ) , L . p l a n t a r u m  ( L p )  a n d  
E n t .  a e r o g e n e s  ( E a ) .
T h e  d i f f e r e n c e s  b e t w e e n  t h e  s c o r e s  o f  t h e  v a r i o u s  p a i r s  w e r e  s i g n i f i c a n t  
a t  p <  . 0 0 0 1 :  E a : S c ,  S c : L f ,  S c : E c ,  S c : L p ,  C m : E c ,  C m : L p .
D i f f e r e n c e s  t h a t  w e r e  s i g n i f i c a n t  a t  p <  . 0 0 1  w e r e :  E a :C m  a n d  t h o s e
s i g n i f i c a n t  a t  p <  . 0 1  w e r e :  S c :C m  a n d  C m : L f .  L a s t l y ,  v a l u e s
t h a t  w e r e  n o t  s i g n i f i c a n t  w e r e  E a : L f ,  E a : E c ,  E a : L p ,  L f : E c ,
L f : L p  a n d  E c : L p .
F r o m  t h e  a b o v e  r e s u l t s ,  o n e  c a n  d e d u c e  t h e  f o l l o w i n g :
( i )  S .  c e r e v i s i a e  a n d  C .  m y c o d e r m a  r e c e i v e d  s c o r e s  h i g h e r  
t h a n  a n y  o f  t h e  o t h e r  g r o u p s  t e s t e d  a n d  t h e r e f o r e  s h o u l d  h a v e  t h e  
a r o m a  c l o s e s t  t o  t h a t  o f  t i n g .
( i i )  D e s p i t e  t h e  f a c t  t h a t  t h e  l a c t o b a c i l l i  p r o d u c e  a c i d s  
d u r i n g  f e r m e n t a t i o n ,  t h e i r  s c o r e s  a r e  s i m i l a r  t o  t h o s e  o f  e n t e r o ­
b a c t e r i a .  T h i s  s u g g e s t s  t h a t  t h e s e  e n t e r o b a c t e r i a  p r o d u c e  f l a v o u r s  
t h a t  a r e  d e s i r a b l e .
( i i i )  L_. f e r m e n t u m , w h i c h  i s  h e t e r o f e r m e n t a t i v e  a n d  t h e r e f o r e  
s h o u l d  p r o d u c e  m o r e  v o l a t i l e s  t h a n  L_. p l a n t a r u m , h a d  s c o r e s  w h i c h  
w e r e  s i m i l a r  t o  t h o s e  o f  L_. p l a n t a r u m . T h i s  m a y  b e  d u e  t o  t h e  f a c t  
t h a t  L ^  f e r m e n t u m  f a i l s  t o  p r o d u c e  n o t i c e a b l e  a m o u n t s  o f  v o l a t i l e  a c i d s  
i n  m a i z e  m e a l  o r  t h a t  o t h e r  f a c t o r s  m a y  b e  r e s p o n s i b l e  f o r  t h e  a r o m a  
s c o r e s .
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T a b l e  2 9 .  R e s p o n s e  o f  p a n e l  t o  a r o m a  o f  s i n g l e - s t r a i n
f e r m e n t s .  S u b s t r a t e  w a s  i r r a d i a t e d  m e a l .  J u d g e s  
a s s e s s e d  t h e  a r o m a  o f  t h e  f e r m e n t e d  m e a l  o n  a  6 -  
p o i n t  h e d o n i c  s c a l e .  N u m e r i c a l  s c o r e s  w e r e  
a s s i g n e d  a n d  a  p e r c e n t a g e  a r r i v e d  a t .
O r g a n i s m  S c o r e  (% )
Lactobacillus plantarum 5 0
Lactobacillus fermentum 5 6 . 2 5
Lactobacillus cellobiosus 2 5
Lactobacillus trichodes 1 2 . 5
Lactobacillus buchneri 1 2 . 5
Lactobacillus brevis 2 5
Lactobacillus lactis 2 5
Saccharomyces cerevisiae 9 3 . 7 5
Saccharomyces uvarum 5 0
Saccharomyces rouxii 0
Candida mycoderma 8 2 . 5
Picchia membranaefaciens 3 1 . 2 5
Rhodotorula rubra 0
Pediococcus cerevisiae 1 2 . 5
Pediococcus acidilactici 1 8 . 7 5
Leuconostoc mesenteroides 2 5
Streptococcus faecalis 1 2 . 5
Enterobacter cloacae 5 6 . 2 5
Enterobacter aerogenes 5 0
Klebsiella aerogenes 3 1 . 2 5
Bacillus cereus 0
Bacillus subtilis 1 2 . 5
Staphylococcus aureus 1 2 . 5
Staphylococcus epidermidis 1 2 . 5
Micrococcus luteus 1 2 . 5
Flavobacterium A  0
Flavobacterium O 0
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e  * P r o d u c t i o n  o f  c a r b o x y l i c  a c i d s  b y  s t r a i n s  i s o l a t e d  f r o m  t i n g  
( T a b l e  3 0 )
Y e a s t s
A l l  y e a s t s ,  w i t h  t h e  e x c e p t i o n  o f  R .  r u b r a  p r o d u c e d  s m a l l  a m o u n t s  o f  
a c e t i c  a c i d ;  s o m e  p r o d u c e d  i s o b u t y r i c  a c i d  a n d  o n l y  C + m y c o d e r m a  
p r o d u c e d  s o m e  b u t y r i c  a c i d .  L a c t i c  a c i d  w a s  t h e  m o s t  p r e v a l e n t  
n o n - v o l a t i l e  p r o d u c e d  b y  a l l  y e a s t s  i n  v a r y i n g  a m o u n t s .  S u c c i n i c  
w a s  a l s o  c o m m o n ly  p r o d u c e d  b y  a l l  s t r a i n s ,  w h i l e  o x a l a c e t i c  w a s  
p r o d u c e d  o n l y  b y  S ^  r o u x i i ,  P . m e m b r a n a e f a c i e n s  a n d  t o  a  l e s s e r  
e x t e n t , b y  R_^ r u b r a .
L a c t i c  a c i d  b a c t e r i a
A c e t i c  a c i d  w a s  t h e  m o s t  i m p o r t a n t  v o l a t i l e  a c i d  p r o d u c e d  b y  a l l  
i s o l a t e s .  B u t y r i c  a c i d  w a s  n e x t  p r o d u c e d  i n  m i n u t e  a m o u n t s  b y  a l l  
i s o l a t e s ,  e x c e p t  L ^  p l a n t a r u m  a n d  I j^  f e r m e n t u m . I s o b u t y r i c  a p p e a r e d  
i n  t r a c e  a m o u n t s  p r o d u c e d  b y  a l l  i s o l a t e s ,  e x c e p t  L ^  p l a n t a r u m .
L a c t i c  a c i d  w a s  a  c h a r a c t e r i s t i c  n o n - v o l a t i l e  , b e i n g  p r o d u c e d  i n  
g r e a t  a m o u n t s  ( o v e r  1% ) b y  a l l  i s o l a t e s  e x c e p t  EA c e r e v i s i a e  ( . 7 1 % )  
a n d  S ^  f a e c a l i s  ( . 7 4 % )  . B o t h  I A  f e r m e n t u m  a n d  L_. p l a n t a r u m  p r o d u c e d  
s o m e  o x a l a c e t i c  a c i d  ( . 2 4 % )  a n d  s u c c i n i c  a c i d  ( . 0 0 2 - . 0 0 4 % ) .
F l a v o b a c t e r i u m  s p .
B o t h  g r o u p s  A  a n d  O p r o d u c e d  s o m e  a c e t i c  a c i d  ( . 0 5 %  a n d  . 1 3 % ,  
r e s p e c t i v e l y )  a n d  s o m e  l a c t i c  a c i d  ( . 0 2 4 %  a n d  . 0 1 6 % ,  r e s p e c t i v e l y ) .
B a c i l l u s  s p p .
A c e t i c  a c i d  a n d  b u t y r i c  w e r e  p r o d u c e d  b y  B ^  c e r e u s . A l s o  p r o d u c e d  
w e r e  o x a l a c e t i c ^ l a c t i c  a c i d ,  a n d  t r a c e s  o f  s u c c i n a t e .  B -. s u b t i l i s  
p r o d u c e d  a c e t i c ,  l a c t i c  a n d  t r a c e s  o f  o x a l a c e t i c  a c i d s .
S t a p h y l o c o c c i
S . a u r e u s  p r o d u c e d  o n l y  a c e t i c  a s  a  v o l a t i l e  a c i d  w h i l e  £ +  e p i d e r m i d i s  
p r o d u c e d  i n  a d d i t i o n ,  t r a c e s  o f  i s o b u t y r i c .  S+ a u r e u s  a l s o  p r o d u c e d
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f r o m  f e r m e n t i n g  m a i z e  m e a l  .
T a b l e  3 0 .  F o r m a t io n  o f  c a r b o x y l i c  a c i d s  b y  s t r a i n s  i s o l a t e d
S t a r t e r C a r b o x y l i c  a c i d s  (% )
o r g a n i s m
A c e t i c B u t y r i c I s o b u t y r i c L a c t i c O x a l a c e t i c S u c c i n i c
L . buchneri . 0 5 5 T T 1 . 9 9 - -
P. cerevisiae . 0 2 4 . 0 0 0 4 . 0 0 0 0 9 . 7 1 - -
L. mesenteroides . 0 2 4 . 0 0 0 4 T 2 . 0 3 - -
L . trichodes . 0 2 4 . 0 0 0 4 T 1 . 2 3 - -
L. cellobiosus . 0 4 6 . 0 0 0 5 T 2 . 8 5 - -
L. lactis . 0 2 1 T T 2 . 4 1 - -
L. brevis . 0 1 7 . 0 0 0 2 T 2 . 8 1 - -
S. faecal is . 0 1 7 . 0 0 0 1 T . 7 4 - -
P. acidilactici . 0 2 3 . 0 0 0 2 T 2 . 7 9 - -
L. fermentum . 0 4 3 - T 2 . 3 5 . 2 4 . 0 0 4
L. plantarum . 0 4 - - 3 . 0 2 . 2 4 . 0 0 2
Flavobacterium A . 1 0 5 - - . 0 2 4 - -
Flavobacterium 0 . 1 3 - - . 0 1 6 T T
B . cereus . 0 9 6 - . 0 0 1 8 . 0 1 8 . 4 9 T
S. epidermidis . 0 9 8 - T . 0 1 5 - -
B .  subtilis . 0 6 2 - - . 0 1 3 T -
S. aureus . 1 0 7 - - . 0 2 6 T -
Ent. aerogenes . 0 7 8 - . 0 0 5 . 0 1 2 . 5 4 -
M. luteus . 1 2 7 - . 0 0 6 . 0 1 2 . 0 0 7 -
C . mycoderma . 0 6 7 . 0 0 3 5 . 0 0 4 6 . 1 7 - . 0 5
S . cerevisiae . 0 5 4 T . 0 0 1 8 . 3 9 - . 1 0
S. uvarum . 0 5 0 - . 0 0 0 9 . 0 9 - . 0 8
S. rouxii . 0 5 9 - - . 1 2 . 0 8 3 T
P. membranaefaciens . 0 5 4 - - . 2 9 . 0 2 4 . 0 0 8
Rhodotorula rubra . 0 0 6 - . 0 0 0 7 . 0 0 2 . 0 0 4 . 0 0 2 5
Ent. cloacae . 0 6 4 - . 0 5 1 . 0 9 . 0 9 9 -
K1. aerogenes . 0 6 6 - . 0 1 4 . 0 4 5 - -
1
NOTES: F e rm e n ta tio n  p ro ceed ed  a t  3 0 °C f o r  48 hours
2
I r r a d ia t e d  m aize  m eal
l a c t a t e  a n d  t r a c e s  o f  o x a l a c e t a t e  w h i l e  SU e p i d e r m i d i s  p r o d u c e d  o n l y  
l a c t i c  a c i d .
Enterobacteria
E n t .  c l o a c a e , E n t .  a e r o g e n e s  a n d  K l . a e r o g e n e s  a l l  p r o d u c e d  s u b s t a n t i a l  
a m o u n t s  o f  a c e t a t e  ( >  .0 6 % )  a n d  s o m e  i s o b u t y r i c .  T h e y  a l s o  p r o d u c e d  
l a c t a t e  a n d  t h e  E n t e r o b a c t e r  s p p . p r o d u c e d ,  i n  a d d i t i o n ,  o x a l a c e t a t e .
M .  l u t e u s  w a s  r e s p o n s i b l e  f o r  t h e  p r o d u c t i o n  o f  a c e t i c ,  i s o b u t y r i c ,  
l a c t i c  a n d  o x a l a c e t i c  a c i d .
Other non-volatiles produced
V a r y i n g  a m o u n t s  o f  f u m a r i c  a c i d  w e r e  p r o d u c e d  b y  E n t .  a e r o g e n e s ,
E n t .  c l o a c a e  a n d  K l . a e r o g e n e s  a n d  b y  s t a r t e r s  c o n t a i n i n g  E n t .  c l o a c a e .
M a l o n i c  a c i d  w a s  a l s o  p r o d u c e d  b y  t h e  y e a s t s  ( w i t h  t h e  e x c e p t i o n  
. o f  r u b r a ) a n d  s o m e  l a c t o b a c i l l i .
Other volatiles produced
T r a c e s  o f  i s o v a l e r i c  a n d  v a l e r i c  w e r e  p r o d u c e d  b y  m o s t  o f  t h e  y e a s t s  
i s o l a t e d .  I n  a d d i t i o n ,  t r a c e s  o f  i s o c a p r o i c  w e r e  p r o d u c e d  b y  C . 
m y c o d e r m a .
Alcohol production
O n l y  S a c c h a r o m y c e s  s p p . , C a n d i d a  s p . , IC 1 . a e r o g e n e s  a n d  E n t .  s p p . 
p r o d u c e d  n o t i c e a b l e  a m o u n t s  o f  a l c o h o l  d u r i n g  p u r e  c u l t u r e  
f e r m e n t a t i o n .  S t a r t e r s  c o n t a i n i n g  C a n d i d a  m y c o d e r m a  r e s u l t e d  i n  a  
h i g h e r  a l c o h o l  p r o d u c t i o n  t h a n  s t a r t e r s  c o n t a i n i n g  e i t h e r  o f  t h e  
S a c c h a r o m y c e s  s p p .
F r o m  t h e  a b o v e  a n a l y s i s ,  i t  c a n  b e  c o n c l u d e d  t h a t  m o s t  l a c t i c  a c i d  
b a c t e r i a  p r o d u c e  t h e  m o s t  a m o u n t s  o f  n o n - v o l a t i l e  a c i d s  a n d  s o m e  
a m o u n t  o f  v o l a t i l e  c o m p o n e n t .  T h i s ,  a c c o r d i n g  t o  C a r r  e t  a l .  ( 1 9 7 3 )  , 
i s  d u e  t o  t h e  f a c t  t h a t  t h e y  m e t a b o l i z e  m a n y  c o n s t i t u e n t s  o f  t h e i r  
m e d iu m ,  a t  t i m e s  b y  u n u s u a l  m e a n s .
f . P r o d u c t i o n  o f  c h a r a c t e r i s t i c  t i n g  t a s t e  i n  m e a l  f e r m e n t e d  b y  
s e l e c t e d  i s o l a t e s
T h e  i s o l a t e s  f r o m  t i n g  t h a t  r e c e i v e d  t h e  h i g h e s t  s c o r e s  f o r  a r o m a  
e v a l u a t i o n  w e r e  u s e d  i n  s i n g l e  s t r a i n  f e r m e n t a t i o n  o f  a u t o c l a v e d  
m e a l .  T h e  f e r m e n t e d  m e a l  w a s  p r e p a r e d  i n t o  t i n g  a n d  g i v e n  t o  a  
t a s t e  p a n e l  o f  2 0  f o r  e v a l u a t i o n .  A l t h o u g h  t h e  o v e r a l l  s c o r e s  w e r e  
l o w  d u e  t o  i n s u f f i c i e n t  a c i d i t y  b e i n g  f o r m e d ,  i t  w a s  o b s e r v e d  ( F i g .  5 1 )  
t h a t  t h e  h i g h e s t  s c o r e  w a s  f o r  L .  f e r m e n t u m  (5 4 % )  , f o l l o w e d  b y  L . 
p l a n t a r u m  (5 0 % )  , C . m y c o d e r m a  (3 1 % )  , S_. c e r e v i s i a e  (3 0 % )  a n d  S . 
u v a r u m  ( 2 0 % ) .
S t a t i s t i c a l  a n a l y s i s  o f  d a t a
D i f f e r e n c e s  t h a t  w e r e  s i g n i f i c a n t  a t  P <  . 0 0 0 1  w e r e  S u : L f ,  S c : L f ,
C m : L f  a n d  L p : L f .  D i f f e r e n c e s  t h a t  w e r e  s i g n i f i c a n t  a t  P <  . 0 1  
w e r e  S u : S c ,  S u :C m  a n d  S u : L p  a n d  t h e  r e s t ,  S c : C m ,  S c : L p  
a n d  C m : L p  w e r e  n o t  s i g n i f i c a n t .
W h e r e  t a s t e  w a s  i n v o l v e d ,  L_. f e r m e n t u m  h a d  t h e  h i g h e s t  s c o r e  a n d  w a s  
t h u s  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  t h e  r e s t  o f  t h e  i s o l a t e s .  S . 
u v a r u m  h a d  t h e  l o w e s t  s c o r e  a n d  w a s  t h u s  d i f f e r e n t  f r o m  t h e  o t h e r  
y e a s t s  i n  s c o r e s .
g .  R e c o m b i n a t i o n  o f  p u r e  i s o l a t e s  i n  t h e  p r o d u c t i o n  o f  s t a r t e r s
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Y e as ts  produce more a lc o h o l th a n  any o f  th e  o th e r  groups s tu d ie d .
T h e  c h o i c e  o f  o r g a n i s m s  t o  b e  i n c o r p o r a t e d  i n t o  t h e  s t a r t e r  w a s  
b a s e d  o n  a r o m a  p r o d u c t i o n ,  a c i d  p r o d u c t i o n ,  g r o w t h  i n  m e a l  a n d  
f o r m a t i o n  o f  c a r b o x y l i c  a c i d s  c h a r a c t e r i s t i c  o f  t i n g .  O r g a n i s m s  
w i t h  k n o w n  n e g a t i v e  e f f e c t s  o n  h u m a n  h e a l t h  w e r e  e x c l u d e d .
T h e  o r g a n i s m s  c h o s e n  w e r e :
S a c c h a r o m y c e s  c e r e v i s i a e  ( # 2 2 4 )
S a c c h a r o m y c e s  u v a r u m  ( # 7 9 )
C a n d i d a  m y c o d e r m a  ( # 4 2 8 )
L a c t o b a c i l l u s  p l a n t a r u m  ( # 3 0 1 )
L a c t o b a c i l l u s  f e r m e n t u m  ( # 4 2 )
E n t e r o b a c t e r  c l o a c a e ( # 5 6 )
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B e c a u s e  o f  t h e  h i g h  s c o r e  o n  t h e  a r o m a  a s s e s s m e n t  o f  y e a s t s  a n d  
E n t e r o b a c t e r  s p . f e r m e n t s  a n d  t h e  s t r o n g  p H  r e d u c i n g  c a p a b i l i t y  o f  
t h e  l a c t o b a c i l l i ,  i t  w a s  f e l t  t h a t  a  y e a s t  a n d  a  l a c t o b a c i l l u s  
s h o u l d  b e  p r e s e n t  i n  e a c h  s t a r t e r  u s e d .
T w e l v e  s t a r t e r s  w e r e  e s t a b l i s h e d .  T h e s e  w e r e :
2 2 4  + 3 0 1  . . .  (A )
2 2 4  +  3 0 1  +  5 6  
2 2 4  + 4 2  . . .  (B )
2 2 4  + 4 2 + 5 6  
4 2 8  + 3 0 1  . . .  (C )
4 2 8  +  3 0 1  +  5 6  
4 2 8 + 4 2  . . .  (D )
4 2 8  + 4 2 + 5 6  
7 9 + 3 0 1  . . .  (E )
7 9  +  3 0 1  +  5 6  
7 9 + 4 2  . . .  ( F )
7 9 + 4 2 + 5 6 .
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a . E f f e c t  o f  s t a r t e r  o n  f e r m e n t a t i o n  r a t e s  o f  i r r a d i a t e d  a n d  
u n t r e a t e d  m a i z e  m e a l
2% s t a r t e r  c u l t u r e  i n  m a i z e  b r o t h  w a s  i n t r o d u c e d  i n t o  m a i z e  m e a l  
m i x e d  w i t h  s t e r i l e  d i s t i l l e d  w a t e r .  F e r m e n t a t i o n  w a s  a l l o w e d  t o  
t a k e  p l a c e  a t  3 0 °  f o r  5  d a y s .  T h e  s u r v i v a l  o f  t h e  o r g a n i s m s  i n  t h e  
s t a r t e r  c u l t u r e  a s  w e l l  a s  p H  w e r e  m o n i t o r e d  t h r o u g h o u t  t h i s  p e r i o d .
L . P l a n t a r u m  +  S . u v a r u m  ( F i g s . 5 2 A ,  B )
V I . E f fe c t iv e n e s s  o f  s ta r t e r s
G r o w t h  o f  t h e  s t a r t e r  o r g a n i s m s  w a s  s i m i l a r  i n  i r r a d i a t e d  m e a l .  F o r  
t h e  y e a s t ,  t h e r e  w a s  i n c r e a s e  b y  2 . 2 5  l o g  u n i t s ,  w h i l e  f o r  l a c t o b a c i l l  
t h e  i n c r e a s e  w a s  b y  3 l o g  u n i t s .  p H  d e c l i n e d  b y  2 . 7 5 .
L . p l a n t a r u m  +  S . u v a r u m  +  E n t .  c l o a c a e ( F i g s . 5 2 C ,  D )
I n  i r r a d i a t e d  m e a l ,  t h e  i n c r e a s e  i n  y e a s t  c o u n t  w a s  b y  2 . 2  l o g  u n i t s ,  
w h i l e  t h a t  o f  l a c t o b a c i l l i  w a s  b y  3 u n i t s .  p H  w a s  r e d u c e d  b y  2 . 7 5 .
I n  n o n - i r r a d i a t e d  m e a l  t h e  b e h a v i o u r  w a s  s i m i l a r .  I n  b o t h  c a s e s ,
E n t .  c l o a c a  d e c r e a s e d  r a p i d l y  i n  n u m b e r s .
L .  f e r m e n t u m  +  S . u v a r u m  ( F i g s .  5 3 A ,  B )
I n  b o t h  i r r a d i a t e d  a n d  n o r m a l  m e a l , t h e  i n c r e a s e  i n  t h e  y e a s t  c o u n t  
w a s  b y  2 . 2 5  u n i t s ,  w h i l e  t h a t  o f  l a c t o b a c i l l i  w a s  b y  a p p r o x i m a t e l y  3 
u n i t s .  T h e  p H  d e c l i n e  w a s  b y  2 . 5 .
L .  f e r m e n t u m  +  S . u v a r u m  +  E n t .  c l o a c a e ( F i g s . 5 3 C ,  D )
T h e  i n c r e a s e  i n  n u m b e r s  o f  l a c t o b a c i l l i  w a s  b y  3 . 5  l o g  u n i t s ,  w h i l e  
t h a t  o f  y e a s t s  i n  b o t h  c a s e s  w a s  b y  2 . 5  u n i t s .  T h e  e n t e r o b a c t e r  
c o u n t  d e c r e a s e d  g r a d u a l l y  o v e r  t h e  f i r s t  4 8  h o u r s  a n d  t h e n  d e c r e a s e d  
r a p i d l y  t h e r e a f t e r .  T h e  p H  d e c l i n e  w a s  b y  2 . 5 .
L . p l a n t a r u m  +  C . m y c o d e r m a  ( F i g .  5 4  A ,  B )
T h e  i n c r e a s e  i n  n u m b e r s  o f  l a c t o b a c i l l i  a n d  y e a s t s  i s  s i m i l a r  i n  b o t h  
c a s e s  ( 3  a n d  1 . 7 5 ,  r e s p e c t i v e l y ) . T h e  d e c l i n e  i n  p H  w a s  b y  3 .
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F o m e n t a t io n  d a y s
F o m e n t a t io n  daya
F i g u r e  5 2  (A  t h r o u g h  D ) . D i s t r i b u t i o n  o f  t y p e s  o f  o r g a n i s m s  a n d  p H  
d e t e r m i n a t i o n s  i n  s t a r t e r - a i d e d  f e r m e n t a t i o n s  u s i n g  (A )  p l a n t a r u m  
a n d  S . u v a r u m  i n  i r r a d i a t e d  m e a l ,  (B )  p l a n t a r u m  a n d  Sj_ u v a r u m  i n  n o n ­
i r r a d i a t e d  m e a l ,  (C )  p l a n t a r u m , S . u v a r u m  a n d  E n t .  c l o a c a e  i n  i r r a d i a t e d  
m e a l  a n d  (D )  p l a n t a r u m , S . u v a r u m  a n d  E n t . c l o a c a e  i n  n o n - i r r a d i a t e d  
m e a l .
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F i g u r e  5 3  (A  t h r o u g h  D ) . D i s t r i b u t i o n  o f  t y p e s  o f  o r g a n i s m s  a n d  p H  
d e t e r m i n a t i o n s  i n  s t a r t e r  a i d e d  f e r m e n t a t i o n s  u s i n g  (A )  f e r m e n t u m  
a n d  S .  u v a r u m  i n  i r r a d i a t e d  m e a l ,  ( B )  f e r m e n t u m  a n d  u ,v a r u m  i n  n o n ­
i r r a d i a t e d  m e a l ,  (C )  f e r m e n t u m , 5 .  u v a r u m  a n d  E n t .  c l o a c a e  i n  
i r r a d i a t e d  m e a l  a n d  (D )  L^_ f e r m e n t u m , S . u v a r u m  a n d  E n t .  c l o a c a e  i n  n o n ­
i r r a d i a t e d  m e a l .
1 2 3 4 5
F e r m e n ta t io n  d ays
► Y ea o ta  
O pH
F e r m e n ta t io n  d a y s
____________________ I______________________i_____________________ I___________________ L.L..2.
1 2 3 4 5
F e r m e n ta t io n  d a y s
•  h' ferm entum  
p, S . uvarum
F e r m e n ta t io n  d a y s
F i g u r e  5 4  (A  t h r o u g h  D ) . D i s t r i b u t i o n  o f  t y p e s  o f  o r g a n i s m s  a n d  p H  
d e t e r m i n a t i o n s  i n  s t a r t e r - a i d e d  f e r m e n t a t i o n s  u s i n g  (A )  ]+ _  p l a n t a r u m  a n d  
C .  m y c o d e r m a  i n  i r r a d i a t e d  m e a l ,  (B )  p l a n t a r u m  a n d  Ct_ m y c o d e r m a  i n  
n o n - i r r a d i a t e d  m e a l ,  (C )  p l a n t a r u m , C .  m y c o d e r m a  a n d  E n t .  c l o a c a e  i n  
i r r a d i a t e d  m e a l  a n d  (D )  L^ _ p l a n t a r u m , C . m y c o d e r m a  a n d . E n t .  c l o a c a e  i n  
n o n - i r r a d i a t e d  m e a l .
2 20
L . p l a n t a r u m  +  C . m y c o d e r m a  +  E n t .  c l o a c a e ( F i g s .  5 4 C ,  D )
T h e r e  w a s  a  s i m i l a r i t y  i n  t h e  g r o w t h  r a t e s  o f  o r g a n i s m s  i n  b o t h  t y p e s  
o f  m e a l .  L a c t o b a c i l l i  i n c r e a s e d  b y  3 . 5  u n i t s ;  y e a s t s  b y  1 . 7 5  
u n i t s  a n d  E n t .  c l o a c a ,  d e c r e a s e d  c o n s i s t e n t l y  o v e r  a  3 - d a y  p e r i o d .
T h e  p H  d r o p p e d  b y  3 .
L .  f e r m e n t u m  +  C . m y c o d e r m a  ( F i g s .  5 5 A ,  B )
T h e  i n c r e a s e  o f  l a c t o b a c i l l i  i n  b o t h  c a s e s  i s  s i m i l a r  ( a r o u n d  2 . 7 5  
u n i t s ) . C .  m y c o d e r m a  f a i l e d  t o  g r o w  i n  i r r a d i a t e d  m e a l  a n d  a c t u a l l y  
s t a r t e d  d y i n g  o f f  a f t e r  4 8  h o u r s .  I n  n o n - i r r a d i a t e d  m e a l  g r o w t h  
t o o k  p l a c e  r e s u l t i n g  i n  a n  i n c r e a s e  b y  1 . 8  u n i t s  a f t e r  4  d a y s .  p H  
d e c l i n e  w a s  b y  2 . 7 5 .
L .  f e r m e n t u m  +  C . m y c o d e r m a  +  E n t .  c l o a c a e ( F i g s . 5 5 C ,  D )
T h e  g r o w t h  o f  l a c t o b a c i l l i  i s  s i m i l a r  i n  b o t h  m e a l s  ( 3  u n i t s ) , 
w h i l e  C .  m y c o d e r m a  g r e w  b e t t e r  i n  n o n - i r r a d i a t e d  m e a l  ( 2 . 7 5  u n i t s  
u p )  t h a n  i n  i r r a d i a t e d  m e a l  ( . 5  u n i t s  u p ) . I n  b o t h  c a s e s ,  E n t .  c l o a c a  
s h o w e d  a n  i n i t i a l  g r o w t h ,  b u t  w a s  f o l l o w e d  b y  r a p i d  d e a t h  a f t e r  4 8  
h o u r s .  p H  w a s  r e d u c e d  b y  3 i n  b o t h  c a s e s .
L . p l a n t a r u m  +  S .  c e r e v i s i a e  ( F i g s .  5 6 A ,  B )
I n  b o t h  t y p e s  o f  m e a l ,  t h e  c o u n t  o f  l a c t o b a c i l l i  i n c r e a s e d  b y  3 . 2 5  
. u n i t s ,  w h i l e  t h a t  o f  y e a s t s  i n c r e a s e d  b y  1 . 7 5  u n i t s  d u r i n g  t h e  
i n i t i a l  4 8  h o u r s ,  f o l l o w e d  b y  a  s t e a d y  d e c l i n e  i n  c o u n t .  T h e  p H  w a s  
r e d u c e d  b y  3 i n  e a c h  c a s e .
L . p l a n t a r u m  +  S .  c e r e v i s i a e  ( F i g s .  5 6 C ,  D )
L a c t o b a c i l l i  w a s  i n c r e a s e d  b y  3 . 5  u n i t s  i n  b o t h  c a s e s ,  w h i l e  y e a s t s  
i n c r e a s e d  b y  1 . 5  u n i t s  d u r i n g  t h e  f i r s t  4 8  h o u r s .  T h e  c o u n t  o f  E n t .  
c l o a c a  d r o p p e d  s t e a d i l y  o v e r  t h e  4 - d a y  p e r i o d .  p H  d e c l i n e d  b y  3 .
L .  f e r m e n t u m  +  S .  c e r e v i s i a e  ( F i g s .  5 7 A ,  B )
I n  b o t h  i r r a d i a t e d  a n d  n o n - i r r a d i a t e d  m e a l ,  t h e  g r o w t h  o f  l a c t o b a c i l l i  
w a s  b y  3 u n i t s ,  w h i l e  t h a t  o f  y e a s t s  w a s  b y  j u s t  o v e r  1 u n i t  d u r i n g
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C  D
F i g u r e  5 5  (A  t h r o u g h  D ) . D i s t r i b u t i o n  o f  t y p e s  o f  o r g a n i s m s  a n d  p H  
d e t e r m i n a t i o n s  i n  s t a r t e r - a i d e d  f e r m e n t a t i o n s  u s i n g  ( A )  f e r m e n t u m  
a n d  Ch_ m y c o d e r m a  i n  i r r a d i a t e d  m e a l , (B )  L .  f  e r m e n tu iq ,  a n d  C_^ m y c o d e r m a
i n  n o n - i r r a d i a t e d  m e a l ,  ( C )  f e r m e n t u m , C . m y c o d e r m a  a n d  E n t , .  c l o a c a e  
i n  i r r a d i a t e d  m e a l ,  a n d  (D ) -  L_. f e r m e n t u m , C . m y c o e r m a  a n d  E n t .  c l o a c a e .  
i n  n o n - i r r a d i a t e d  m e a l .
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F e r m e n ta t io n  d a y s Tine (days)
F i g u r e  5 6  (A  t h o u g h  D ) . D i s t r i b u t i o n  o f  t y p e s  o f  o r g a n i s m s  a n d  p H  
d e t e r m i n a t i o n s  i n  s t a r t e r - a i d e d  f e r m e n t a t i o n s  u s i n g  ( A )  p l a n t a r u m  a n d
S .  c e r e v i s i a e  i n  i r r a d i a t e d  m e a l ,  ( B )  p l a n t a r u m  a n d  S . c e r e v i s i a e  i n  n o n -
i r r a d i a t e d  m e a l ,  (C )  p l a n t a r u m , S . c e r e v i s i a e , a n d  E n t .  c l o a c a e  i n
i r r a d i a t e d  m e a l  a n d  (D )  L .  p l a n t a r u m , S ♦ c e r e v i s i a e  a n d  E n t .  c l o a c a e  i n
n o n - i r r a d i a t e d  m e a l .
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• F i g u r e  5 7  (A  t h r o u g h  D ) . D i s t r i b u t i o n  o f  t y p e s  o f  o r g a n i s m s  a n d  p H  
d e t e r m i n a t i o n s  i n  s t a r t e r - a i d e d  f e r m e n t a t i o n s  u s i n g  (A )  L^_ f e r m e n t u m  a n d  
s * c e r e v i s i a e  i n  i r r a d i a t e d  m e a l ,  (B )  L_. f e r m e n t u m  a n d  c e r e v i s i a e  ■ 
i n  n o n - i r r a d i a t e d  m e a l ,  (C )  L_r f e r m e n t u m , S . c e r e v i s i a e  a n d  E n t .  c l o a c a e  
i n  i r r a d i a t e d  m e a l  a n d  (D )  f e r m e n t u m , S . c e r e v i s i a e  a n d  E n t .  c l o a c a e  
i n  n o n - i r r a d i a t e d  m e a l .
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t h e  f i r s t  2 4  h o u r s ,  f o l l o w e d  b y  a  g r a d u a l  d e c l i n e  t h e r e a f t e r .  p H  
w a s  r e d u c e d  b y  3 - 3 . 4  u n i t s .
L .  f e r m e n t u m  +  S . c e r e v i s i a e  +  E n t .  c l o a c a e ( F i g s . 5 7 C ,  D )
L a c t o b a c i l l i  a n d  y e a s t s  w e r e  i n c r e a s e d  b y  3  a n d  1 . 5  u n i t s ,  r e s p e c t i v e l y .  
T h e r e  w a s  d e a t h  o f  E n t .  c l o a c a e  a f t e r  4 8  h o u r s  a n d  p H  i n  b o t h  c a s e s  
w a s  r e d u c e d  b y  a b o u t  3 .
W i t h  a l l  t h e  s t a r t e r s ,  n o  a d v a n t a g e  w a s  o b s e r v e d  b y  t h e  a d d i t i o n  
o f  E n t .  c l o a c a e  I t s  i n c l u s i o n  i n t o  t h e  s t a r t e r  r e s u l t e d  i n  h i g h l y  
m u c o id  f e r m e n t s  w h i c h  w e r e  t h o u g h t  t o  b e  h i g h l y  u n d e s i r a b l e .
A n  a n a l y s i s  o f  t h e  c a r b o x y l i c  a c i d s  p r o d u c e d  d u r i n g  t i n g  f e r m e n t a t i o n  
o f  i r r a d i a t e d  a n d  n o r m a l  m e a l  u s i n g  s t a r t e r s  c o n t a i n i n g  E n t .  c l o a c a e  
a n d  s t a r t e r s  n o t  c o n t a i n i n g  a n y  e n t e r o b a c t e r i a  i n d i c a t e d  n o  g r e a t  
d i f f e r e n c e  i n  m o s t  c a s e s  ( T a b l e  3 1 ) .  F o r  t h e s e  r e a s o n s  a  d e c i s i o n  
w a s  m a d e  t o  e x c l u d e  E n t .  c l o a c a e  f r o m  a n y  s t a r t e r , s i n g l y  o r  i n  
c o m b i n a t i o n .
b . E f f e c t  o f  p a i r e d  t y p e  o f  s t a r t e r s  o n  a c c e p t a b i l i t y  o f  t i n g
A u t o c l a v e d  m e a l  i n o c u l a t e d  w i t h  2% o f  t h e  p a i r e d  s t a r t e r s  w a s  
a l l o w e d  t o  f e r m e n t  a t  3 0 ° C  f o r  7 2  h o u r s .  T i n g  p r e p a r e d  t h e r e o f  
w a s  g i v e n  t o  a  t a s t e  p a n e l  o f  1 0 4  p e r s o n s  t o  a s s e s s  ( F i g .  5 8 ) .
S t a r t e r s  m a d e  u p  o f  c e r e v i s i a e , p l u s  L_. p l a n t a r u m  a n d  CL m y c o d e r m a  
p l u s  L . p l a n t a r u m  h a d  t h e  h i g h e s t  s c o r e  o f  52%  e a c h ,  f o l l o w e d  b y  S . 
u v a r u m  p l u s  L .  p l a n t a r u m  w i t h  a  s c o r e  o f  4 3 . 3 % .  N e x t  i n  r a t i n g  
w e r e  C .  m y c o d e r m a  p l u s  I L  f e r m e n t u m  ( 3 6 . 3 % ) ,  jL _  u v a r u m  p l u s  L . 
f e r m e n t u m  (3 5 % )  a n d  l a s t l y ,  S .  c e r e v i s i a e  p l u s  L ^  f e r m e n t u m  w i t h  a  
s c o r e  o f  2 6 % .
C l e a r l y ,  t h e  p a i r e d  s t a r t e r s  c o n t a i n i n g  L_. p l a n t a r u m  w e r e  m o r e  
e f f e c t i v e  t h a n  t h e i r  c o u n t e r p a r t s  c o n t a i n i n g  IL _  f e r m e n t u m . T h e  
g e n e r a l l y  l o w  s c o r e s  l e d  t o  s o m e  q u e s t i o n s  a b o u t  t h e  e f f e c t  t h e  
a u t o c l a v i n g  p r o c e s s  h a d  o n  m e a l .
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T a b l e  3 1 .  C a r b o x y l i c  a c i d  p r o d u c t i o n  i n  s t a r t e r - a i d e d  
t i n g .  ( F e r m e n t a t i o n  t o o k  p l a c e  a t  3 0 °  f o r  
4 8  h o u r s . )
C a r b o x y l i c  a c i d s  (% )
T y p e  o f  s t a r t e r  ................................................................................................................................................................  — .........................................................-
A c e t i c  B u t y r i c  I s o b u t y r i c  L a c t i c  O x a l a c e t i c  S u c c i n i c
4 2 8  +  4 2  (IRR) . 0 0 2 9 T - 1 . 6 8 . 1 8 . 3 2
4 2 8  +  4 2  +  5 6  (IRR) . 0 0 4 T . 0 0 0 9 2 2 . 6 3 . 2 4 . 2 4
4 2 8  +  4 2  (N ) . 0 0 3 4 T T 2 . 2 1 . 3 . 7 7
4 2 8  + 4 2 + 5 6  ( N) . 0 3 6 T . 0 0 2 8 1 . 4 8 . 1 8 . 4 0
2 2 4  +  3 0 1  (IRR) . 0 7 9 ~ - 1 . 7 7 T T
2 2 4  +  3 0 1  +  5 6  (IRR) . 0 5 7 - - 2 . 0 3 T -
2 2 4  +  3 0 1  (N ) . 0 7 4 . 0 0 0 9 1 - 2 . 1 8 T T
2 2 4  +  3 0 1  +  5 6  ( N ) . 0 5 5 . 0 0 1 8 . 0 0 0 8 2 1 . 9 9 - -
2 2 4  +  4 2  (IRR) . 0 1 5 T T 2 . 0 4 . 4 8 . 0 7 5
2 2 4  +  4 2  +  5 6  (IRR) . 0 0 2 8 T . 0 0 0 9 1 . 6 8 . 1 8 . 4 4
2 2 4  +  4 2  (N ) . 0 0 2 8 T . 0 0 1 8 2 . 3 5 . 3 . 0 3
2 2 4  + 4 2 + 5 6  ( N) T T T 1 . 7 4 . 1 1 . 7 1
7 9  +  3 0 1  (IRR) . 0 3 1 - . 0 0 0 7 2 1 . 6 2 . 1 4 -
7 9  +  3 0 1  +  5 6  (IRR) . 0 5 4 T . 0 0 0 9 1 1 . 7 0 . 0 1 9 . 3 9
7 9  +  3 0 1  (N ) . 0 6 - T 1 . 6 8 . 0 6 9 T
7 9  +  3 0 1  +  5 6  (N ) . 0 3 4 - . 0 0 2 7 1 . 2 5 . 1 2 . 5 6
7 9  +  4 2  (IRR) . 0 0 6 8 - - 1 . 9 1 T . 0 4 0
7 9  +  4 2  +  5 6  (IRR) . 0 0 2 8 - . 0 0 0 4 1 . 5 9 - . 1 5
7 9  +  4 2  (N ) . 0 0 4 6 - - 1 . 2 8 - T
7 9  +  4 2  +  5 6  (N ) . 0 0 7 4 - . 0 0 6 3 1 . 4 9 T . 6 3
4 2 8  +  3 0 1  (IRR) . 0 2 9 . 0 0 1 3 . 0 0 0 4 6 1 . 5 8 T -
4 2 8  +  3 0 1  +  5 6  (IRR) . 0 3 1 T . 0 0 0 4 6 2 . 0 2 T T
4 2 8  +  3 0 1  (N ) . 0 2 6 . 0 0 2 . 0 0 0 5 5 2 . 0 7 T _
4 2 8  +  3 0 1  +  5 6  (N ) . 0 1 9 . 0 0 1 1 . 0 0 0 8 3 2 . 2 0 T -
NOTES: IR R  =  i r r a d i a t e d  m a i z e  m e a l  u s e d
N  =  n o r m a l  m a i z e  m e a l  u s e d
5 6  =  E n t e r o b a c t e r  c l o a c a e  2 2 4  =  S a c c h a r o m y c e s  c e r e v i s i a e
3 0 1  =  L a c t o b a c i l l u s  p l a n t a r u m  4 2 8  =  C a n d i d a  m y c o d e r m a
4 2  =  L a c t o b a c i l l u s  f e r m e n t u m  7 9  =  S a c c h a r o m y c e s  u v a r u m
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T h e  e f f e c t  o f  s t a r t e r s  A, B, C, D ,  E  a n d  P  w e r e  d e t e r m i n e d  o n  
n o r m a l  m a i z e  m e a l  a t  1 5 ° ,  2 0 ° ,  2 5 ° ,  3 0 ° ,  3 7 °  a n d  4 4 ° C .  . p H ,  
a c i d i t y  a n d  a c c e p t a b i l i t y  o f  t i n g  p r e p a r e d  t h e r e o f  w e r e  d e t e r m i n e d .
A s  c o n t r o l ,  u n i n o c u l a t e d  m e a l  w a s  u s e d .
p H  d e t e r m i n a t i o n  ( F i g s .  5 9 A - F )
A t  1 5 ° ,  t h e  e f f e c t  o f  a l l  s t a r t e r s  i s  s i g n i f i c a n t .  I n  g e n e r a l ,  
s t a r t e r s  w h e r e  L_. p l a n t a r u m  w a s  u s e d  w e r e  m o r e  e f f e c t i v e  t h a n  s t a r t e r s  
w h e r e  L_. f e r m e n t u m  h a d  b e e n  u s e d .  B e t w e e n  2 0 °  a n d  4 4 ° C ,  t h e  e f f e c t  
o f  a d d i t i o n  o f  s t a r t e r  w a s  n o t  v e r y  c l e a r .  I n  c e r t a i n  c a s e s ,  a d d i t i o n  
o f  s t a r t e r  r e s u l t e d  i n  a  h i g h e r  p H .  T h e  l o w e s t  p H s  r e a c h e d  f o r  a l l  
f e r m e n t s  w a s  b e t w e e n  3 0 °  a n d  4 4 ° C .
A c i d i t y  d e t e r m i n a t i o n  ( F i g s .  5 9 A - F )
A t  1 5 ° ,  t h e  a d d i t i o n  o f  s t a r t e r s  r e s u l t e d  i n  a  h i g h e r  a c i d i t y  t h a n  
n o n - s t a r t e r  a i d e d  f e r m e n t s .  A b o v e  1 5 ° ,  t h e r e  w a s  a  g r e a t  v a r i a t i o n  
i n  e f f e c t i v e n e s s  o f  s t a r t e r s .  T h e  h i g h e s t  a c i d i t i e s  r e a c h e d  w e r e  
b e t w e e n  3 0 °  a n d  4 4 °  f o r  a l l  f e r m e n t s .
T a s t e  p a n e l  r a t i n g s
E ffe c t iv e n e s s  o f  p a ir e d  s t a r t e r s  o v e r a range o f  te m p e ra tu re
S t a r t e r - a i d e d  t i n g ,  f e r m e n t e d  a t  v a r i o u s  t e m p e r a t u r e s  w a s  g i v e n  
t o  a  t a s t e  p a n e l  o f  3 6  p e r s o n s  f o r  a s s e s s m e n t .
S .  c e r e v i s i a e  4 L .  p l a n t a r u m  ( F i g .  5 9 A )
T h e  h i g h e s t  s c o r e  o f  75 %  w a s  f o r  t h e  3 0 °C  f e r m e n t .  T h i s  w a s  f o l l o w e d  
b y  t h e  2 5 °  a n d  2 7 ° C  f e r m e n t s  a t  7 0 % , 4 4 °C  f e r m e n t  a t  6 0 % ,  2 0 ° C  f e r m e n t  
a t  10%  a n d  t h e  1 5 ° C  p r o d u c t  a t  0 % .
S .  c e r e v i s i a e  +  L .  f e r m e n t u m  ( F i g .  5 9 B )
T h e  h i g h e s t  s c o r e  c o r r e s p o n d e d  t o  t h e  3 0 °C  f e r m e n t  a t  8 0 % ,  f o l l o w e d  
b y  t h e  4 4 °C  f e r m e n t  a t  7 0 % , t h e  2 5 °  a n d  3 7 °  p r o d u c t  a t  6 0 % ,  t h e  2 0 ° C  
a t  0% a n d  t h e  1 5 ° C  p r o d u c t  a t  1 0 % .
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F i g u r e  5 9  (A  a n d  B ) . I n f l u e n c e  o f  t e m p e r a t u r e  o n  t h e  
e f f e c t i v e n e s s  o f  p a i r e d  s t a r t e r s ,  (A )  S a c c h a r o m y c e s  
c e r e v i s i a e  p l u s  L a c t o b a c i l l u s  p l a n t a r u m  a n d  (B )  
S a c c h a r o m y c e s  c e r e v i s i a e  p l u s  L a c t o b a c i l l u s  f e r m e n t u m  o n  
n o r m a l  m a i z e  m e a l .
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3 0
T e m p e r a t u r e
F i g u r e  5 9  (C  a n d  D ) . I n f l u e n c e  o f  t e m p e r a t u r e  o n  t h e  
e f f e c t i v e n e s s  o f  p a i r e d  s t a r t e r s ,  (C )  C a n d i d a  m y c o d e r m a  p l u s  
L a c t o b a c i l l u s  p l a n t a r u m  a n d  ( D )  C a n d i d a  m y c o d e r m a  p l u s  
L a c t o b a c i l l u s  f e r m e n t u m  o n  n o r m a l  m a i z e  m e a l .
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1 0 2 0 30
T e m p e r a t u r e ( °C ) 40 50
F i g u r e  5 9  (E  a n d  F ) . I n f l u e n c e  o f  t e m p e r a t u r e  o n  t h e  
e f f e c t i v e n e s s  o f  p a i r e d  s t a r t e r s ,  ( E )  S a c c h a r o m y c e s  u v a r u m  
p l u s  L a c t o b a c i l l u s  p l a n t a r u m  a n d  ( F )  S a c c h a r o m y c e s  u v a r u m  
p l u s  L a c t o b a c i l l u s  f e r m e n t u m  o n  n o r m a l  m a i z e  m e a l .
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C . m y c o d e r m a  +  L . p l a n t a r u m  ( F i g .  5 9 C )
T h e  h i g h e s t  s c o r e  o f  8 0 %  c o r r e s p o n d s  t o  t h e  3 7 ° C  p r o d u c t  f o l l o w e d  
b y  b o t h  t h e  3 0 °  a n d  4 4 °C  p r o d u c t s  a t  7 0 ° ,  t h e  2 5 ° C  p r o d u c t  a t  6 0 ° % ,  
t h e  2 0 ° C  p r o d u c t  a t  10%  a n d  t h e  15%  f e r m e n t  a t  2 0 % .
C . m y c o d e r m a  +  L .  f e r m e n t u m  ( F i g .  5 9 D )
T h e  3 0 ° C  p r o d u c t  h a d  t h e  h i g h e s t  s c o r e  o f  8 0 % ,  f o l l o w e d  b y  b o t h  t h e  
3 7 °  a n d  4 4 ° C  p r o d u c t s  a t  7 0 ° ,  t h e  2 5 ° C  f e r m e n t  a t  6 0 % ,  t h e  1 5 ° C  
f e r m e n t  a t  20%  a n d  l a s t l y ,  t h e  2 0 ° C  f e r m e n t  a t  1 0 % .
S . u v a r u m  +  L . ’ p l a n t a r u m  ( F i g .  5 9 E )
T h e  h i g h e s t  s c o r e  o f  80 %  c o r r e s p o n d e d  t o  t h e  3 0 °C  f e r m e n t ,  f o l l o w e d  
b y  t h e  3 7 °  a n d  4 4 ° C  p r o d u c t s  a t  70 %  , t h e  2 5 ° C  p r o d u c t  a t  6 0 % ,  t h e  
1 5 ° C  p r o d u c t  a t  20 %  a n d  l a s t l y ,  t h e  2 0 ° C  p r o d u c t  a t  1 0 % .
S . u v a r u m  +  L .  f e r m e n t u m  ( F i g .  5 9 F )
B o t h  t h e  3 0 °  a n d  3 7 °  p r o d u c t s  r e c e i v e d  a  s c o r e  o f  8 0 % .  T h e  4 4 °C  
f e r m e n t  w a s  n e x t  a t  7 0 % , t h e  2 5 ° C  f e r m e n t  h a d  5 0 % , t h e  1 5 ° C  f e r m e n t  
h a d  2 0 % , a n d  l a s t l y ,  t h e  2 0 ° C  a t  1 0 % .
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c * E f f e c t  o f  s t a r t e r  c u l t u r e s  o n  t h e  f e r m e n t a t i o n  r a t e  o f  n o r m a l
i r r a d i a t e d  a n d  a u t o c l a v e d  m a i z e  m e a l  a s  d e t e r m i n e d  b y  p H  c h a n g e s
S. c e r v i s i a e  +  L .  p l a n a r u m  ( F i g .  6 0 A )
p H  w a s  m o n i t o r e d  o v e r  a  5 - d a y  p e r i o d  t o  d e t e r m i n e  t h e  r a t e  o f  
f e r m e n t a t i o n .  W h e n  n o r m a l  a n d  i r r a d i a t e d  m e a l  w e r e  u s e d ,  t h e  p H  
d e c l i n e d  b y  3 , w h i l e  i n  a u t o c l a v e d  m e a l  t h e  m a x im u m  r e d u c t i o n  w a s  
b y  1 . 5 .
S .  c e r e v i s i a e  +  L .  f e r m e n t u m  ( F i g .  6 0 B )
T h e  p H  o f  n o r m a l  a n d  i r r a d i a t e d  m e a l  w a s  r e d u c e d  b y  1 . 7 ,  w h i l e  t h a t  
o f  t h e  a u t o c l a v e d  m e a l  w a s  r e d u c e d  b y  1 . 5 .
C . m y c o d e r m a  +  L . p l a n t a r u m  ( F i g .  6 0 C )
T h e r e  i s  a  r e d u c t i o n  o f  p H  b y  3 i n  t h e  n o r m a l  a n d  i r r a d i a t e d  m e a l  
a n d  1 . 5  i n  a u t o c l a v e d  m e a l .
C .  m y c o d e r m a  +  L .  f e r m e n t u m  ( F i g .  6 0 D )
T h e  p H  o f  n o r m a l  a n d  i r r a d i a t e d  m e a l  i s  r e d u c e d  b y  2 . 7 ,  w h i l e  t h a t  
o f  a u t o c l a v e d  m e a l  i s  r e d u c e d  b y  1 . 6 .
S .  u v a r u m  +  L .  p l a n t a r u m  ( F i g .  6 0 E )
N o r m a l  a n d  i r r a d i a t e d  m e a l  w a s  r e d u c e d  i n  p H  b y  2 . 6 ,  w h i l e  a u t o c l a v e d  
m e a l  w a s  r e d u c e d  b y  1 . 4 .
S .  u v a r u m  +  L .  f e r m e n t u m  ( F i g .  6 0 F )
T h e  p H  o f  n o r m a l  a n d  i r r a d i a t e d  m e a l  w a s  r e d u c e d  b y  2 . 3  , w h i l e  t h a t  
o f  a u t o c l a v e d  m e a l  w a s  r e d u c e d  b y  1 . 2 .
T h e  f o l l o w i n g  c o n c l u s i o n s  c a n  b e  m a d e :
i )  S t a r t e r s  u t i l i z i n g  L_. p l a n t a r u m  a r e  m o r e  e f f e c t i v e  i n  r e d u c i n g  
p H  t h a n  t h o s e  c o n t a i n i n g  L .  f e r m e n t u m .
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pH
n o r m a l  m e a l 
i r r a d i a t e d  m e a l 
a u t o c la v e d  m e a l
F e r m e n t a t i o n  d a y s
F e r m e n t a t i o n  d a y s
F i g u r e  6 0  (A  a n d  B ) . E f f e c t  o f  a d d i t i o n  o f  s t a r t e r  
c u l t u r e s  o n  p H  o f  f e r m e n t i n g  N o r m a l ,  I r r a d i a t e d  a n d  
A u t o c l a v e d  m a i z e  m e a l .  S t a r t e r s  u s e d  w e r e  (A )  S a c c h a r o m y c e s  
c e r e v i s i a e  a n d  L a c t o b a c i l l u s  p l a n t a r u m  a n d  (B )  S a c c h a r o m y c e s  
c e r e v i s i a e  p l u s  L a c t o b a c i l l u s  f e r m e n t u m . F e y v ^ e iA fa it0*1 *  3C > 0 C£
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F e r m e n t a t i o n  d a y s
F i g u r e  6 0  (C  a n d  D ) . E f f e c t  o f  a d d i t i o n  o f  s t a r t e r  c u l t u r e s  
o n  p H  o f  f e r m e n t i n g  N o r m a l ,  I r r a d i a t e d  a n d  A u t o c l a v e d  m a i z e  
m e a l .  S t a r t e r s  u s e d  w e r e  (C )  C a n d i d a  m y c o d e r m a  p l u s  
L a c t o b a c i l l u s  p l a n t a r u m  a n d  (D )  C a n d i d a  m y c o d e r m a  p l u s  
L a c t o b a c i l l u s  f e r m e n t u m . T e m p  3s06 d *
F e r m e n t a t i o n  d a y s
F i g u r e  6 0  ( E  a n d  F ) . E f f e c t  o f  a d d i t i o n  o f  s t a r t e r  
c u l t u r e s  o n  p H  o f  f e r m e n t i n g  N o r m a l ,  I r r a d i a t e d  a n d  
A u t o c l a v e d  m a i z e  m e a l . S t a r t e r s  u s e d  w e r e  (E )  S a c c h a r o m y c e s  
u v a r u m  p l u s  L a c t o b a c i l l u s  p l a n t a r u m  a n d  ( F )  S a c c h a r o m y c e s  
u v a r u m  p l u s  L a c t o b a c i l l u s  f e r m e n t u m . 3C s°C l.
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i i )  T h e r e  i s  n o  d i f f e r e n c e  i n  e f f e c t i v e n e s s  o f  s t a r t e r  a s  d e t e r m i n e d  
b y  p H  c h a n g e  w h e n  e i t h e r  n o r m a l  o r  i r r a d i a t e d  m e a l  i s  u s e d .
i i i )  A u t o c l a v e d  m e a l  i s  n o t  a  s u i t a b l e  s u b s t r a t e  f o r  t i n g  p r o d u c t i o n ,  
s i n c e  o n l y  a  s l i g h t  r e d u c t i o n  i n  p H  t a k e s  p l a c e .
A c c e p t a b i l i t y  o f  t i n g  p r e p a r e d  w i t h  p a i r e d - s t a r t e r s  u s i n g  n o r m a l , 
i r r a d i a t e d  a n d  a u t o c l a v e d  m e a l  ( F i g s .  6 1 A - C )
N o r m a l  m e a l
T h e  h i g h e s t  s c o r e s  f o r  s t a r t e r - a i d e d  f e r m e n t a t i o n  i n  n o r m a l  m e a l  
o c c u r  a f t e r  4 8  h o u r s , t h e  h i g h e s t  b e i n g  t h a t  o f  _S_. u v a r u m  +  L .  
f e r m e n t u m  w i t h  a  s c o r e  o f  9 0 % . T h i s  i s  f o l l o w e d  b y  S_. u v a r u m  +  L . 
p l a n t a r u m  (8 4 % )  , CL m y c o d e r m a  +  I L  f e r m e n t u m  (7 5 % )  ,  c e r v i s i a e  
+  I L  p l a n t a r u m  ( 6 7 . 5 % )  a n d  l a s t l y ,  £ L  c e r v i s i a e  +  L_. f e r m e n t u m  a n d
C . m y c o d e r m a  +  L_. f e r m e n t u m , b o t h  a t  4 9 . 5 % .  U n i n o c u l a t e d  m e a l  
r e c e i v e d  a  s c o r e  o f  75%  a f t e r  7 2  h o u r s  o f  f e r m e n t a t i o n .
A u t o c l a v e d  m e a l
F o r  a u t o c l a v e d  m e a l ,  t h e  h i g h e s t  s c o r e s ,  l o w  a s  t h e y  a r e ,  w e r e  r e a c h e d  
a f t e r  4 8  h o u r s  o f  f e r m e n t a t i o n .  S .  c e r e v i s i a e  +  L .  p l a n t a r u m  h a d  
t h e  h i g h e s t  s c o r e  a t  3 7 . 5 % ,  f o l l o w e d  b y  CL m y c o d e r m a  +  L .  f e r m e n t u m  
( 3 0 . 3 % )  , S_. c e r e v i s i a e  +  IL _  f e r m e n t u m  ( 2 9 . 4 % ) ,  C . m y c o d e r m a  +  L . 
p l a n t a r u m  ( 2 7 % ) ,  S_. u v a r u m  +  L .  p l a n t a r u m  ( 2 1 . 6 % )  a n d  l a s t l y ,  S . 
u v a r u m  +  I L  f e r m e n t u m  ( 2 0 . 1 % )  . U n i n o c u l a t e d  m e a l  r e c e i v e d  a  0% s c o r e  
t h r o u g h o u t  t h e  p e r i o d .
I r r a d i a t e d  m e a l
T h e r e  w a s  v e r y  l i t t l e  d i f f e r e n c e  i n  t h e  t a s t e  p a n e l  s c o r e s  o v e r  a  
p e r i o d  o f  4  d a y s .  D e s p i t e  t h e  r e d u c t i o n  i n  p H  e q u i v a l e n t  t o  t h a t  o f  
n o r m a l  m e a l ,  t h e  t a s t e  p a n e l ' s  c o m m e n ts  a b o u t  o f f - f l a v o u r  i n  t h i s  
m e a l  w a s  r e s p o n s i b l e  f o r  t h e  l o w  a c c e p t a b i l i t y .  T h e  h i g h e s t  s c o r e  
o f  12%  o c c u r r e d  o n  t h e  f o u r t h  d a y  a f t e r  u s e  o f  s t a r t e r  w i t h  S_. c e r e v i s i a e  
+  L .  p l a n t a r u m .
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F E R M E N T A T IO N  D A Y S
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F E R M E N T A T IO N  D AY S
F i g u r e  6 1  (A  t h r o u g h  C ) . A c c e p t a b i l i t y  o f  s t a r t e r - a i d e d  t i n g  
p r e p a r e d  f r o m  ( A )  n o r m a l  m e a l ,  (B )  a u t o c l a v e d  m e a l  a n d  (C )  
i r r a d i a t e d  m e a l .  I n  e a c h  c a s e ,  2 p e r  c e n t ,  o f  s t a r t e r  b r o t h  w a s  
a d d e d .  ( R e f e r  t o  A p p e n d i x  P  f o r  s t a r t e r  c o d e s . )
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S t a r t e r  A  =  S a c c h a r o m y c e s  c e r e v i s i a e  +  p l a n t a r u m
S t a t i s t i c a l  a n a ly s is  o f  d a ta
B _  ii ii + I I f e r m e n t u m
C =  C a n d i d a  m y c o d e r m a + L . p l a n t a r u m
D s= 1 11 + L . f e r m e n t u m
E =  S a c c h a r o m y c e s  u v a r u m + L . p l a n t a r u m
F _  M H + L . f e r m e n t u m
G =  C o n t r o l  —  n o  s t a r t e r .
N o r m a l  m e a l  
D a y  2
T h e  d i f f e r e n c e  b e t w e e n  t h e  f o l l o w i n g  p a i r s  i s  s i g n i f i c a n t  a t  p < . 0 1 :  
A : C , A : F ,  A : G ,  B : F ,  B : G ,  C : F ,  C : G ,  D : F ,  D : G ,  E : F ,  E : G ,
a n d  F : G .  D i f f e r e n c e s  t h a t  a r e  s i g n i f i c a n t  a t  p <  . 0 5  a r e  B : C  a n d  C : D  
a n d  d i f f e r e n c e s  t h a t  a r e  n o t  s i g n i f i c a n t  a r e  A : B ,  A  : D ,  A : E ,  B : D , 
B : E ,  C : E  a n d  D : E .
D a y  3
D i f f e r e n c e s  t h a t  a r e  s i g n i f i c a n t  a t  p <  . 0 1  a r e :  A : G ,  B : D ,  B : E ,
B : F ,  C : D ,  C : E ,  C : F ,  D : F ,  D : G , E : G ,  F : G .  D i f f e r e n c e s  t h a t
a r e  s i g n i f i c a n t  a t  P <  . 0 5  a r e :  A : B , A : C ,  A : E , A : F , C : G ,  D : E ;
a n d  d i f f e r e n c e s  t h a t  a r e  n o t  s i g n i f i c a n t  a r e  A : D , B : C ,  B : G  a n d  
E : F .
D a y  4
D i f f e r e n c e s  t h a t  a r e  s i g n i f i c a n t  a t  P < . 0 1  a r e :  A : E ,  A : F ,  A : G ,
B : C ,  B : E ,  B : F ,  B : G ,  C : D ,  C : E ,  C : F ,  C : G ,  D : F  a n d  D : G .
D i f f e r e n c e s  t h a t  a r e  s i g n i f i c a n t  a t  p < . 0 5  a r e :  A : C ,  a n d  E : G ;  a n d
d i f f e r e n c e s  t h a t  a r e  n o t  s i g n i f i c a n t  a r e  A : B , A : D ,  B : D ,  E : F  a n d
F : G .
B e t w e e n  d a y s  2 a n d  4, t h e  d i f f e r e n c e s  b e t w e e n  t h e  s c o r e s  o f  t h e  
v a r i o u s  f e r m e n t s  w a s  n o t  a s  g r e a t  a s  t h e  d i f f e r e n c e s  b e t w e e n  t h e  
p r o d u c t s  f e r m e n t e d  a t  v a r i o u s  t e m p e r a t u r e s .  C l e a r l y ,  t h e  e f f e c t s
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o f  v a r y i n g  s t a r t e r s  i n  t h e  f e r m e n t a t i o n  a r e  n o t  a s  s i g n i f i c a n t  
a s  a r e  t h e  e f f e c t s  o f  v a r y i n g  t e m p e r a t u r e s .  T h i s  s u g g e s t s  t h a t  
a n y  o f  t h e  s i x  s t a r t e r s  c o u l d  b e  u s e d  w i t h  n o  g r e a t  d i f f e r e n c e  i n  
t h e  s c o r e s  o f  t h e  p r o d u c t s .
I n  g e n e r a l ,  t h e  s c o r e s  o f  t h e  c o n t r o l  f e r m e n t  w e r e  s i g n i f i c a n t l y  
d i f f e r e n t  f r o m  t h e  o t h e r  f e r m e n t s  w h e n  p <  . 0 1  o r  p <  . 0 5  d u r i n g  t h e  
4 - d a y  p e r i o d  ( d i f f e r e n c e s  w e r e  s c o r e s  o f  p r o d u c t  B o n  d a y  3 a n d  o f  
p r o d u c t  F  o f  d a y  4  t h a t  w e r e  n o t  d i f f e r e n t ) . T h i s  j u s t  s h o w s  t h a t  
t h e  a d d i t i o n  o f  s t a r t e r  i m p r o v e s  t h e  a c c e p t a b i l i t y  o f  t h e  f e r m e n t e d  
p r o d u c t .
A u t o c l a v e d  me a l
D a y  2
D i f f e r e n c e s  
D i f f e r e n c e s  
d i f f e r e n c e s  
A : E , B : C ,
D a y  3
D i f f e r e n c e s  t h a t  a r e  s i g n i f i c a n t  a t  p <  . 0 1  a r e :  A : F  a n d  D : F .
D i f f e r e n c e s  t h a t  a r e  s i g n i f i c a n t  a t  p <  . 0 5  a r e :  A : E , B : E ,  B : F
a n d  D : E ;  a n d  d i f f e r e n c e s  t h a t  a r e  n o t  s i g n i f i c a n t  a r e :  A : B ,  A : C ,
A : D , B : C ,  B : D ,  C : D ,  C : E ,  C : F  a n d  E : F .
D a y  4
D i f f e r e n c e s  t h a t  a r e  s i g n i f i c a n t  a t  p  <  . 0 5  a r e :  C : E ,  C : F ,  D : E
a n d  t h e  r e s t ;  A : B , A : C ,  A : D , A : E , A : F , B : C ,  B : D ,
B : E ,  B : F ,  C : D  a n d  E : F .
W h i l e  t h e  s c o r e s  o f  t h e  a u t o c l a v e d  m e a l  f e r m e n t s  a r e  c l e a r l y  l o w e r  
t h a n  t h o s e  o f  n o r m a l  m e a l ,  t h e  d i f f e r e n c e s  b e t w e e n  t h e  s c o r e s  
b e t w e e n  d a y s  2  a n d  4  a r e  n o t  h i g h l y  s i g n i f i c a n t .  T h i s  a g a i n  s u g g e s t s  
t h a t  t h e  s t a r t e r s  c o u l d  b e  a l t e r e d  w i t h o u t  m u c h  c h a n g e  i n  t h e  
a c c e p t a b i l i t y  o f  t h e  p r o d u c t s .  T h e  s c o r e s  o f  t h e s e  s t a r t e r - a i d e d
t h a t  a r e  s i g n i f i c a n t  a t  p <  . 0 1  a r e :  A : F  a n d  D : F .  
s i g n i f i c a n t  a t  p < . 0 5  a r e :  B : F  a n d  D : E ;  a n d
t h a t  a r e  n o t  s i g n i f i c a n t  a r e :  A : B ,  A : C ,  A : D ,
B : D ,  B : E ,  C : D ,  C : E ,  C : F  a n d  E : F .
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p r o d u c t s  a r e  d i f f e r e n t  f r o m  t h e  u n a i d e d  c o n t r o l ,  w h i c h  h a d  a  s c o r e  
o f  0 % .
I r r a d i a t e d  m e a l  
D a y  2
T h e  d i f f e r e n c e s  b e t w e e n  A : B ,  A : C ,  A : E ,  A : F , B : C ,  B : D ,
B : E ,  B : F ,  C : D ,  C : E ,  C : F ,  D : E ,  D : F  a n d  E : F  a r e  n o t  
s i g n i f i c a n t .
D a y  3
N o n e  o f  t h e  s t a r t e r s  u s e d  g a v e  a  s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  s c o r e s .  
D a y  4
N o n e  o f  t h e  s c o r e s  g a v e  a  s i g n i f i c a n t  d i f f e r e n c e .
T h e  l o w  s c o r e s  a n d  t h e  c l o s e n e s s  o f  t h e s e  s c o r e s  i n d i c a t e s  t h e  f a i l u r e  
o f  a l l  6  s t a r t e r s  t o  p r o d u c e  a c c e p t a b l e  p r o d u c t s  d u r i n g  t h e  4  d a y s  
o f  f e r m e n t a t i o n .
E f f e c t  o f  t y p e  o f  m e a l  o n  c a r b o x y l i c  a c i d  p r o d u c t i o n  i n  s t a r t e r - a i d e d  
f e r m e n t a t i o n
U n t r e a t e d  m e a l  ( T a b l e  3 2 )
S t a r t e r  A
A f t e r  7 2  h o u r s ,  t h e  t o t a l  v o l a t i l e  t o  n o n - v o l a t i l e  r a t i o  w a s  . 1 7 1 : 1 . 1 2 .  
A c e t i c  w a s  t h e  p r e d o m i n a n t  v o l a t i l e ,  w h i l e  l a c t i c  w a s  t h e  m o s t  
i m p o r t a n t  n o n - v o l a t i l e .
S t a r t e r  B
T h e  v o l a t i l e : n o n - v o l a t i l e  r a t i o  a f t e r  7 2  h o u r s  w a s  2 . 4 7 : 1 . 4 7 7 .  A c e t i c ,  
l a c t i c  a n d  o x a l a c e t i c  a c i d s  w e r e  p r e s e n t  i n  n o t i c e a b l e  a m o u n t s .
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T a b l e  3 2 .  E f f e c t  o f  a d d i t i o n  o f  v a r i o u s  s t a r t e r s  o n  t h e
p r o d u c t i o n  o f  c a r b o x y l i c  a c i d s  i n  m a iz e  m e a l *
f e r m e n t a t i o n
D a y s  
S t a r t e r  f e r m e n t ­
a t i o n
C a r b o x y l i c  a c i d s  (% )
A c e t i c  B u t y r i c I s o b u t y r i c L a c t i c O x a l a c e t i c S u c c i n i c
A 0 . 0 2 9 . 0 0 3 . 0 0 2 . 0 2 8 T T
1 . 1 8 2 . 0 0 0 5 T 1 . 4 2 8 . 0 1 9 T
2 . 1 1 4 T T . 6 6 T T
3 . 1 7 1 T T 1 . 1 2 T T
4 . 1 0 8 . 0 0 5 . 0 0 2 1 . 6 8 T T
B 0 . 2 6 2 . 0 0 5 . 0 0 2 . 0 3 2 . 0 1 . 0 1
1 . 2 8 5 . 0 0 6 T 1 . 0 7 5 T T
2 . 4 6 2 T T . 9 3 2 . 1 2 T
3 2 . 4 7 T T 1 . 1 1 7 . 3 6 T
4 8 . 7 7 T T . 7 0 8 1 . 1 2 T
C 0 . 0 2 3 . 0 0 2 . 0 0 3 . 0 1 4 T T
1 . 2 5 1 . 0 0 5 T 1 . 5 7 0 . 0 1 9 . 0 1
2 . 1 4 3 T T 2 . 2 3 4 T T
3 . 2 7 9 . 0 0 0 2 . 0 0 0 8 1 . 0 5 . 0 0 3 T
4 . 2 1 1 T . 0 2 . 9 3 2 T T
NOTES: S t a r t e r  A  =  L a c t o b a c i l l u s  p l a n t a r u m  +  S a c c h a r o m y c e s  c e r e v i s i a e
S t a r t e r  B =  L a c t o b a c i l l u s  f e r m e n t u m  +  S a c c h a r o m y c e s  c e r e v i s i a e
S t a r t e r  C  =  L a c t o b a c i l l u s  p l a n t a r u m  +  C a n d i d a  m y c o d e r m a
*  U n t r e a t e d  Im p a ir m e a l
[Cont.]
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T a b l e  3 2 .  [Cont.] E f f e c t  o f  a d d i t i o n  o f  v a r i o u s  s t a r t e r s  o n  t h e
p r o d u c t i o n  o f  c a r b o x y l i c  a c i d s  i n  m a iz e  m e a l *
f e r m e n t a t i o n
D a y s  
S t a r t e r  f e r m e n t ­
a t i o n
C a r b o x y l i c  a c i d s  (% )
A c e t i c B u t y r  i c  I s o b u t y r  i c L a c t i c O x a l a c e t i c S u c c i n i c
D 0 . 0 1 1 . 0 0 3 T . 0 8 T T
1 . 4 3 3 . 0 0 4 . 0 0 0 8 . 8 4 . 0 1 8 . 0 0 8
2 . 3 0 8 T T . 5 3 . 1 2 T
3 . 6 6 1 . 0 0 0 3 T 1 . 2 5 . 1 4 T
4 . 4 8 5 T T 1 . 0 2 4 . 1 6 T
E 0 . 0 1 3 . 0 0 5 . 0 0 3 . 0 1 8 T . 0 1
1 . 2 6 8 . 0 0 4 . 0 0 0 8 1 . 2 8 T . 0 3 1
2 . 1 3 6 T T . 5 3 7 T T
3 . 2 1 1 . 0 0 0 2 T . 3 9 4 T T
4 . 0 9 7 T . 0 0 1 5 . 6 1 3 T T
F 0 T T . 0 0 0 8 . 0 1 6 T T
1 . 7 9 2 T T . 5 6 2 . 0 3 6 . 0 0 9
2 . 2 6 2 T T . 4 0 3 . 1 8 T
3 2 . 4 3 4 . 0 0 0 4 T . 4 5 . 4 8 T
4 3 . 3 6 9 T T . 4 7 . 6 7 2 T
NOTES: S t a r t e r D  =  L a c t o b a c i l l u s  f e r m e n t u m  + C a n d i d a m y c o d e r m a
S t a r t e r  E  =  L a c t o b a c i l l u s  p l a n t a r u m  +  S a c c h a r o m y c e s  u v a r u m  
S t a r t e r  F  =  L a c t o b a c i l l u s  f e r m e n t u m  +  S a c c h a r o m y c e s  u v a r u m
*  U n tre a te d  m eal
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T h e  r a t i o  w a s  . 2 8 : 1 . 0 5 3 .  A c e t i c  a n d  l a c t i c  w e r e  t h e  m o s t  a b u n d a n t  
a c i d s .
S t a r t e r  D
O n d a y  3 ,  t h e  v : n v  r a t i o  w a s  . 6 6 1 : 1 . 3 9 .  A c e t i c  a n d  l a c t i c  a c i d  
w e r e  t h e  p r e d o m i n a n t  a c i d s .
S t a r t e r  E
T h e  v : n v  r a t i o  w a s  . 2 1 1 : . 3 9 4 ,  d u e  m a i n l y  t o  a c e t i c  a n d  l a c t i c  a c i d s .  
S t a r t e r  F
T h e  r a t i o  w a s  2 . 4 3 : . 9 3 ,  d u e  t o  a c e t i c ,  l a c t i c  a n d  o x a l a c e t i c  a c i d .
i
I t  w a s  o b s e r v e d  t h a t  s t a r t e r s  w h e r e  f e r m e n t u m  h a d  b e e n  u s e d  
r e s u l t e d  i n  a  h i g h e r  v o l a t i l e  c o m p o n e n t  t h a n  s t a r t e r s  w h e r e  L .  
p l a n t a r u m  h a d  b e e n  u s e d .  S e c o n d l y ,  t h e  p r e d o m i n a n t  v o l a t i l e  a c i d  
w a s  a c e t i c  a c i d ,  w h i l e  t h e  p r e d o m i n a n t  n o n - v o l a t i l e  a c i d  w a s  l a c t i c  
a c i d .
I r r a d i a t e d  m e a l  ( T a b l e  3 3 )
S t a r t e r  A
A t  7 2  h o u r s ,  t h e  v : n v  r a t i o  w a s  . 0 0 4 : 1 . 9 3 .  B u t y r i c  a c i d  w a s  t h e  
m o s t  v o l a t i l e  a c i d ,  w h i l e  l a c t i c  w a s  t h e  p r e d o m i n a n t  n o n - v o l a t i l e .
S t a r t e r  B
T h e  r a t i o  w a s  . 0 0 3 6 : 1 . 5 7 ,  r e s u l t i n g  m a i n l y  f r o m  i s o b u t y r i c  a n d  
l a c t i c  a c i d .
S t a r t e r  C
T h e  v o l a t i l e : n o n - v o l a t i l e  r a t i o  w a s  . 0 0 1 2 : 1 . 9 7 ,  d u e  m a i n l y  t o  i s o b u t y r i c  
a n d  l a c t i c  a c i d .
Starter C
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Table 33. Effect of addition of various starters on
production of carboxylic acids in maize meal*
fermentation
D a y s  
S t a r t e r  f e r m e n t ­
a t i o n
C a r b o x y l i c  a c i d s  (% )
A c e t i c  B u t y r i c  I s o b u t y r i c L a c t i c  O x a l a c e t i c S u c c i n i c
A 0 - - - - - -
1 T - - . 1 6 - -
2 T . 0 1 . 0 0 0 7 1.18 T -
3 T . 0 0 3 . 0 0 1 1 1 . 7 9 . 1 5 -
4 . 0 0 5 . 0 1 . 0 0 1 7 1 . 0 0 8 . 2 1 . 0 4
B 0 _ - - - - -
1 T - . 0 0 0 5 . 1 8 - -
2 T . 0 0 2 . 0 0 3 . 9 9 . 0 8 7 . 0 4
3 T T . 0 0 3 6 1 . 3 9 . 1 8 -
4 . 0 0 6 - . 0 0 3 9 . 6 1 5 . 2 8 -
C 0 - - - - - -
1 T - - . 2 2 - -
2 T - . 0 0 0 9 1 . 6 1 T -
3 T - . 0 0 1 2 1 . 7 1 . 1 9 8 -
4 . 0 0 6 T . 0 0 1 2 1 . 0 8 . 1 9 9
NOTES: S t a r t e r  A  =  L a c t o b a c i l l u s  p l a n t a r u m  +  S a c c h a r o m y c e s  c e r e v i s i a e
S t a r b e r  B =  L a c t o b a c i l l u s  f e r m e n t u m  +  S a c c h a r o m y c e s  c e r e v i s i a e
S t a r t e r  C  =  L a c t o b a c i l l u s  p l a n t a r u m  +  C a n d i d a  m y c o d e r m a
*Irradiated meal
[Cont.]
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Table 33. [Cont.] Effect t>f addition of various starter on
production of carboxylic acids in maize
meal* fermentation
S t a r t e r
D a y s
f e r m e n t ­
a t i o n
C a r b o x y l i c  a c i d s  (% )
A c e t i c B u t y r i c I s o b u t y r i c L a c t i c O x a l a c e t i c S u c c i n i c
D 0 - - - - - -
1 - - . 0 0 0 5 . 1 5 - -
2 T T . 0 0 2 7 1 . 7 2 T T
3 T - . 0 0 4 . 9 5 . 2 2 -
4 . 0 0 5 T . 0 0 3 . 9 7 . 3 1 -
E 0 - - - - - -
1 - - T . 3 1 - -
2 T - . 0 0 2 1 . 4 1 - -
3 T T . 0 0 1 4 1 . 0 2 . 1 8 -
4 . 0 0 8 T . 0 0 2 2 1 . 0 1 . 2 6 T
F 0 - - - - - -
1 T - . 0 0 1 . 1 8 T -
2 T - . 0 0 7 6 . 7 3 . 0 9 6 T
3 T T . 0 0 8 9 . 5 0 . 3 6 -
4 . 0 0 5 T . 0 0 8 9 . 7 3 . 4 3 T
NO TES: S t a r t e r  D  =  L a c t o b a c i l l u s  f e r m e n t u m  +  C a n d i d a  m y c o d e r m a
S t a r t e r  E  =  L a c t o b a c i l l u s  p l a n t a r u m  +  S a c c h a r o m y c e s  u v a r u m
S t a r t e r  F  =  L a c t o b a c i l l u s  f e r m e n t u m  +  S a c c h a r o m y c e s  u v a r u m
*Irradiated TmpaW' meal
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T h e  r a t i o  o f  . 0 0 4 : 1 . 1 7  w a s  d u e  m a i n l y  t o  i s o b u t y r i c  a n d  l a c t i c  
a c i d .
S t a r t e r  E
T h e  r a t i o  w a s  . 0 0 1 4 : 1 . 2  a n d  w a s  d u e  t o  i s o b u t y r i c  a n d  l a c t i c  a c i d s .  
S t a r t e r  F
A  r a t i o  o f  . 0 0 9 : . 8 6  w a s  d u e  t o  i s o b u t y r i c  a n d  l a c t i c  a c i d .
I n  i r r a d i a t e d  m e a l ,  w h i l e  l a c t i c  a c i d  r e m a i n e d  t h e  p r e d o m i n a n t  n o n ­
v o l a t i l e  a c i d ,  t h e  v o l a t i l e  c o m p o n e n t  w a s  m a d e  u p  m a i n l y  o f  
i s o b u t y r i c  a c i d .  I n  g e n e r a l ,  t h e r e  w a s  a  g r e a t  r e d u c t i o n  i n  t h e  
t o t a l  c o n t e n t  o f  v o l a t i l e  a c i d s  c o m p a r e d  t o  s i m i l a r  f e r m e n t s  o f  
n o r m a l  m e a l . H a d  o f f - f l a v o u r s  n o t  b e e n  p r e s e n t  f r o m  t h e  i r r a d i a t i o n  
p r o c e s s ,  t h i s  p r o d u c t  s h o u l d  h a v e  r e c e i v e d  a  h i g h  a c c e p t a b i l i t y  s c o r e .
A u t o c l a v e d  m e a l  ( T a b l e  3 4 )
W i t h  a l l  6  s t a r t e r s  u s e d ,  o n e  n o t e d  o n l y  t r a c e  a m o u n t s  o f  b o t h  
v o l a t i l e s  a n d  n o n - v o l a t i l e s . T h i s  f a i l u r e  o f  s t a r t e r  o r g a n i s m s  t o  
u t i l i z e  a u t o c l a v e d  m e a l  r e s u l t e d  i n  a  l o w  r a t i n g  o f  t i n g  p r o d u c e d  
f r o m  s u c h  m e a l .
E f f e c t  o f  a u t o c l a v i n g  m e a l  o n  g r o w t h  o f  s t a r t e r  o r g a n i s m s  ( F i g s .  6 2 A ,  B )
A u t o c l a v e d  m e a l  f e r m e n t e d  a t  3 0 °C  w i t h  t h e  u s e  o f  v a r i o u s  s t a r t e r s  
w a s  m o n i t o r e d  f o r  i t s  e f f e c t s  o n  v i a b l e  c o u n t s  o f  l a c t o b a c i l l i  a n d  
y e a s t s  u s i n g  a p p r o p r i a t e  m e d i a .
L a c t o b a c i l l i
I n  a l l  6  s t a r t e r s ,  t h e  n u m b e r s  o f  l a c t o b a c i l l i  i n c r e a s e d  b y  2 . 5  l o g  
u n i t s  d u r i n g  t h e  f i r s t  2 4  h o u r s .  T h e r e a f t e r ,  t h e  n u m b e r s  o f  L . 
f e r m e n t u m  l e v e l l e d  o f f ,  w h i l e  t h o s e  o f  L .  p l a n t a r u m  d e c l i n e d  a f t e r  
7 2  h o u r s .  T h i s  g r o w t h  r a t e  w a s  s l o w e r  t h a n  t h a t  o f  t h e  s a m e  s t a r t e r s  
i n  i r r a d i a t e d  m e a l .
Starter D
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Table 34. Effect of addition of various starters on
production of carboxylic acids in maize meal*
fermentation
D a y s  
S t a r t e r  f e r m e n t ­
a t i o n
C a r b o x y l i c  a c i d s  (% )
A c e t i c B u t y r i c I s o b u t y r i c  L a c t i c O x a l a c e t i c S u c c i n i c
A 0 - - - - - -
1 T - - T - -
2 T - - T - -
3 T T T T T T
4 T - - T T T
B 0 - - - - - -
1 T - - T - -
2 T - - T - -
3 T - - T T T
4 T - - T T T
C 0 - - - - - -
1 T - - T - -
2 T - - T - -
3 T - - T T -
4 T - - .023 T -
N O TE S : S t a r t e r  A  =  L a c t o b a c i l l u s  p l a n t a r u m  +  S a c c h a r o m y c e s  c e r e v i s i a e
S t a r t e r  B =  L a c t o b a c i l l u s  f e r m e n t u m  +  S a c c h a r o m y c e s  c e r e v i s i a e
S t a r t e r  C =  L a c t o b a c i l l u s  p l a n t a r u m  +  C a n d i d a  m y c o d e r m a
*Autoclaved meal
[  C o n t . J
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Table 34 [Cont.], Effect of addition of various starters
on production of carboxylic acids in
maize meal* fermentation
Days 
itarter ferment­
ation
Carboxylic acids (%)
Acetic Butyric Isobutyric Lactic Oxalacetic Succinic
D 0 - - - - - -
1 - - - T - -
2 - - T T T -
3 T - T .009 T T
4 T - T .042 T T
E . 0 - - - - - -
1 T T - T -
2 T T T T - -
3 T T T .012 T T
4 T T T T - -
F 0 - - - - - -
1 T T T T T T
2 T T T T T T
3 .005 T T .016 T T
4 T - T T T T
NOTES: S t a r t e r  D  =  L a c t o b a c i l l u s  f e r m e n t u m  +  C a n d i d a  m y c o d e r m a
S t a r t e r  E  =  L a c t o b a c i l l u s  p l a n t a r u m  +  S a c c h a r o m y c e s  u v a r u m
S t a r t e r  F  =  L a c t o b a c i l l u s  f e r m e n t u m  +  S a c c h a r o m y c e s  u v a r u m
*Autoclaved •- .. • meal
FERMENTATION DAYS
F i g u r e  6 2  (A  a n d  B ) . E f f e c t  o f  a u t o c l a v i n g  m a i z e  m e a l  o n  
g r o w t h  o f  (A )  y e a s t s  ( s p r e a d  p l a t e s  o n  R o s e  B e n g a l  a g a r  p l u s  
c h l o r a m p h e n i c o l  i n c u b a t e d  a t  2 5 °  f o r  5  d a y s )  a n d  (B )  l a c t o b a c i l l i  
( s p r e a d  p l a t e s  o n  R o g o s a  a g a r  i n c u b a t e d  a t  3 0 °  f o r  5  d a y s  i n  
5p*=>r c p n t .  CO  ) .
Yeasts
T h e  g r o w t h  r a t e  o f  y e a s t s  d u r i n g  t h e  i n i t i a l  2 4  h o u r s  o f  t h e  
f e r m e n t a t i o n  w a s  b y  1 . 5  t o  2  l o g  u n i t s .  T h e  s l o w e s t  g r o w t h  w a s  
t h a t  o f  CL m y c o d e r m a . A f t e r  7 2  h o u r s ,  t h e  v i a b l e  c o u n t  o f  t h e  
y e a s t s  i n c r e a s e d  t o  2 . 5  l o g  u n i t s  a n d  o v e r .  T h e  y e a s t  c o u n t  i n  b o t h  
i r r a d i a t e d  a n d  a u t o c l a v e d  m e a l  w a s  q u i t e  s i m i l a r .
d .  E f f e c t i v e n e s s  o f  m u l t i p l e  s t a r t e r s  o n  f e r m e n t a t i o n  o f  a u t o c l a v e d  
m e a l
2% o f  s t a r t e r  c u l t u r e  w a s  a d d e d  t o  a u t o c l a v e d  m e a l  w i t h  n o  s i g n i f i c a n t  
im p r o v e m e n t  t o  t h e  f e r m e n t a t i o n .
L a t e r ,  v a r i o u s  q u a n t i t i e s  o f  g l u c o s e  r a n g i n g  f r o m  0% t o  1% w e r e  a d d e d  
t o  t h e  a u t o c l a v e d  m e a l  m a s h  p r i o r  t o  a d d i t i o n  o f  s t a r t e r  c u l t u r e .
T h e  m a x im u m  p H  r e d u c t i o n  w a s * 2 5  u n i t s  b e t w e e n  0 %  a n d * Z S T %  ( F i g .  6 3 )  
t h a t  w a s  a c c o m p a n i e d  b y  a  l o w  a c c e p t a b i l i t y  o f  t h e  v a r i o u s  p r o d u c t s .
V a r i o u s  q u a n t i t i e s  o f  m a i z e  m e a l  e x t r a c t  (Jmpa/c) m e a l  a n d  w a t e r  [2 0 %  
w / v ]  f i l t r a t e )  w e r e  a d d e d  t o  a u t o c l a v e d  m e a l  b e f o r e  a d d i t i o n  o f  
s t a r t e r .
F r o m  F i g .  6 4  ( A - F )  w a s  o b s e r v e d  t h e  e f f e c t  o f  a d d i t i o n  o f  10%  m e a l  
e x t r a c t  a n d  t e m p e r a t u r e  o n  t h e  f e r m e n t a t i o n  r a t e  a n d  a c c e p t a b i l i t y  o f  
t i n g  p r e p a r e d  t h e r e o f .
A t  1 5 ° C ,  t h e r e  w a s  a  p H  d e c l i n e  o f  1 ,  c o r r e s p o n d i n g  t o  a n  a c i d i t y  
v a l u e  o f  6 ° S H  a n d  a  0% a c c e p t a b i l i t y .
. A t  2 0 ° C , t h e  d e c l i n e  i n  p H  o f  1 . 6  a n d  a n  a c i d i t y  v a l u e  o f  1 1 ° S H  w e r e  
o b s e r v e d ,  a c c o m p a n i e d  b y  a n  a c c e p t a b i l i t y  o f  0 % .
A t  2 5 ° C ,  t h e  p H  w a s  l o w e r e d  b y  2 . 2 .  T h e  m a x im u m  a c i d i t y  v a l u e  w a s  1 0 ° S H  
a n d  a n  a c c e p t a b i l i t y  s c o r e  o f  10%  w a s  o b s e r v e d .
251
d■O'
•H+scd
u
+>
ao
o
doo
o
m
oodHo
ft
©e0
©
ftft0
0ftfa
e0
0 « 0 H O 0 0 0 3 g 
Hto 0NftO •H0 
B 0fi -0
o
•Hfa
0  H  
U O 
fa ©a fa 
0 3  © 0
sO fto ©
0
3
©
•H
U0
>
ft
©
8
©
•H
•H
"d
0
G
O
*Hfa0fa
30
0ft
0ftfa
G
©
ft
©
0
h  045 fa© U 0 0 ft fa ft 0 ft 0pXra avo
ftPG
P
aft
252
T h e  p H  a t  3 0 °C  w a s  l o w e r e d  b y  1 . 7 5  a n d  a c i d i t y  w a s  r a i s e d  t o  a
m a x im u m  v a l u e  o f  1 2 ° S H .  T h i s  w a s  a c c o m p a n i e d  b y  a  m a x im u m  a c c e p t a b i l i t y
s c o r e  o f  2 0 % .
A t  3 7 ° C ,  t h e  p H  v a l u e  w a s  r e d u c e d  b y  2 ,  w h i l e  t h e  a c i d i t y  w a s  r a i s e d  
t o  1 2 ° S H  a f t e r  2 4  h o u r s .  T h e  m a x im u m  s c o r e  r e a c h e d  o n  d a y  4  w a s  
20%.
T h e  4 4 °C  f e r m e n t  w a s  a c c o m p a n i e d  b y  a  r e d u c t i o n  i n  p H  u n i t s  o f  2 . 5  
a n d  a n  a c i d i t y  v a l u e  o f  1 5 ° S H .  A  m a x im u m  a c c e p t a b i l i t y  o f  25%  w a s  
o b s e r v e d  o n  d a y  4 .
A s  c o n t r o l ,  a u t o c l a v e d  m e a l  w i t h  m u l t i p l e  s t a r t e r  w a s  g i v e n  t o  t h e  
s a m e  t a s t e  p a n e l  t o  a s s e s s .  T h e  s c o r e  o f  0% w a s  n o t e d  d u r i n g  t h e  
4 - d a y  p e r i o d .
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F e r m e n t a t i o n  d a y s
F e r m e n t a t i o n  d a y s
FIGURE 6h(A and B) Effect of addition of 10 per cent 
of meal extract on multiple starter-jnduced fermentation 
of autoclaved meal (a) was fermented at 1 5°c and (b) 
at 20oCs
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Fermentation days
Figure 64 (C and D) . Effect of addition of 10 per cent, meal 
extract on multiple starter-induced fermentation of autoclaved 
meal. (C) was fermented at 25°C and (D) at 30°C.
Fermentation days
Fermentation days
EIGURE 64 (E and F) Effect of addition of 10 
per* cent meal extract on multiple starter= induced 
fermentation of autoclaved meal. (E) was fermented 
at 37°C and (p) at 44°C,
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S t a r t e r s  c o n t a i n i n g  e q u a l  v o l u m e s  o f  m a i z e  m e a l  b r o t h  c u l t u r e  o f  
S . c e r e v i s i a e , S . u v a r u m , C . m y c o d e r m a , L . p l a n t a r u m  a n d  L_. f e r m e n t u m  
w e r e  a d d e d  t o  n o r m a l  m a i z e  m e a l  a n d  a l l o w e d  t o  f e r m e n t  a t  1 5 ° ,  2 0 ° ,
2 5 ° ,  3 0 ° ,  3 7 °  a n d  4 4 ° C .
I n f l u e n c e  o f  t e m p e r a t u r e  o n  e f f e c t  o f  m u l t i p l e  s t a r t e r s  o n  f e r m e n t a t i o n  
r a t e  a n d  a c c e p t a b i l i t y  o f  t i n g
1 5 ° C  ( F i g .  6 5 A )
T h e  r e d u c t i o n  i n  p H  o v e r  a  p e r i o d  o f  3 d a y s  w a s  b y  1 . 7 5 .  T h e r e  w a s  
a  d i f f e r e n c e  o f  o n l y  . 5  u n i t s  w h e n  c o m p a r e d  w i t h  u n a i d e d  f e r m e n t a t i o n .  
T h i s  p H  c o r r e s p o n d e d  t o  a n  a c i d i t y  v a l u e  o f  1 6 ° S H  a n d  a  m a x im u m  
a c c e p t a b i l i t y  o f  1 0 % .
2 0 ° C  ( F i g .  6 5 B )
A  d r o p  o f  2 . 2  p H  u n i t s  r e s u l t e d  a f t e r  4 8  h o u r s .  T h i s  w a s  . 2 5  u n i t s  
m o r e  e f f i c i e n t  t h a n  u n a i d e d  f e r m e n t s .  A n  a c i d i t y  o f  2 2 . 5 ° S H  w a s  
r e a c h e d .  T h e  m a x im u m  r a t i n g  w a s  3 4 . 5 % . '
2 5 °C  ( F i g .  6 5 C )
A  p H  d r o p  o f  2 . 7  w a s  o b s e r v e d  c o r r e s p o n d i n g  t o  a n  a c i d i t y  o f  4 2 . 5 ° S H  
a n d  a n  a c c e p t a b i l i t y  s c o r e  o f  8 2 . 5 % .
3 0 ° C  ( F i g .  6 5 D )
T h e r e  w a s  a  f i n a l  r e d u c t i o n  i n  p H  o f  2 . 8 .  T h i s  w a s  q u i t e  s i m i l a r  
t o  u n a i d e d  f e r m e n t s .  T h i s  w a s  a c c o m p a n i e d  b y  a n  i n c r e a s e  i n  a c i d i t y  
o f  4 5 ° S H  o n  d a y  2 a n d  a  m a x im u m  a c c e p t a b i l i t y  s c o r e  o f  8 2 . 5 % .
3 7 ° C  ( F i g .  6 5 E )
A  p H  d e c l i n e  b y  3 u n i t s  r e s e m b l e d  t h a t  o f  u n a i d e d  f e r m e n t s .  T h i s  
c o r r e s p o n d e d  t o  a n  a c i d i t y  v a l u e  o f  3 7 . 5 ° S H  a n d  a n  a c c e p t a b i l i t y  
s c o r e  o f  80 %  a f t e r  2 4  h o u r s .
Multiple starters
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FIGURE 65.(A and B) Effect of temperature and 
multiple starters on fermentation rate and 
acceptability of ting.,(A) was fermented at 
15°C and (B) at 20°C.
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Fermentation days
•— • Acceptability Score
Fermentation days
F i g u r e  65 (C a n d  D ) . E f f e c t  o f  t e m p e r a t u r e  a n d  m u l t i p l e  
s t a r t e r s  o n  f e r m e n t a t i o n  r a t e  a n d  a c c e p t a b i l i t y  o f  t i n g .  
(C) w a s  f e r m e n t e d  a t  25°C a n d  (D )  a t  30°C.
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F e r m e n t a t i o n  d a y s
F e r m e n t a t i o n  d a y s
F i g u r e  6 5  (E  p l u s  F ) . E f f e c t  o f  t e m p e r a t u r e  a n d  m u l t i p l e  
s t a r t e r s  o n  f e r m e n t a t i o n  r a t e  a n d  a c c e p t a b i l i t y  o f  t i n g .  
( E )  w a s  f e r m e n t e d  a t  3 7 ° C  a n d  ( F )  a t  4 4 ° C .
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A reduction in pH of 3.4 corresponded to an acidity value of 25°SH 
and a maximum acceptability of 83% on day 4.
Multiple starters were influenced by temperatures. The maximum 
acid production occurred at 30°C. This corresponded to a high 
acceptability of 82.5% on day 3, as opposed to the same acceptability 
of the 25°C ferment on day 4.
44°C (Fig. 65F)
/
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C H A P T E R  IV 
DISCUSSION
I . V a r i a b i l i t y  i n  t i n g  f e r m e n t a t i o n
a . M i c r o b i a l  f l o r a
V a r i a b i l i t y  i n  t i n g  h a s  b e e n  d e m o n s t r a t e d  b y  d i f f e r e n c e s  i n  t h e  t y p e s  
o f  o r g a n i s m s  p r e s e n t  d u r i n g  f e r m e n t a t i o n  c a u s e d  b y  d i f f e r e n c e s  i n  
f e r m e n t a t i o n  t e m p e r a t u r e ,  i n  m e a l  t y p e ,  i n  s t o r a g e  t i m e  a n d  p r o b a b l y ,  
a l s o  a s  a  r e s u l t  o f  u s e  o f  c o n t a m i n a t e d  w a t e r .  V a r i a b i l i t y  w a s  
a s s e s s e d  b y  d i f f e r e n c e s  i n  a c i d i t y ,  p H  a n d  c a r b o x y l i c  a c i d  
p r o d u c t i o n  a n d  l a s t l y ,  b y  t a s t e  p a n e l  a s s e s s m e n t  o f  t h e  a c c e p t a b i l i t y  
o f  t h e  v a r i o u s  p r o d u c t s  b y  p e r s o n s  w h o  w e r e  f a m i l i a r  w i t h  t h e  p r o d u c t
M a i z e  m e a l  c o n t a i n s  a  w i d e  r a n g e  o f  m i c r o f l o r a ,  s o m e  o f  w h i c h  i s  
r e s p o n s i b l e  f o r  t h e  f e r m e n t a t i o n  o f  m e a l  d u r i n g  t h e  p r e p a r a t i o n  o f  
t i n g .  T h e  v a r i a t i o n  o f  t h e  i n i t i a l  f l o r a  i s  o n e  c a u s e  o f  v a r i a t i o n  
i n  t h e  f e r m e n t e d  p r o d u c t .
T h e  p r o c e s s  o f  f e r m e n t a t i o n  i s  s e l e c t i v e ,  f a v o u r i n g  t h e  d e v e l o p m e n t  
o f  c e r t a i n  o r g a n i s m s ,  w h i l e  r e s u l t i n g  i n  d e a t h  o f  o t h e r s .  O r g a n i s m s  
t h a t  p r e d o m i n a t e  a r e  t h e  l a c t i c  a c i d  b a c t e r i a  a n d  t h e  y e a s t s .  T h e  
m o u l d s  w h i c h  a r e  p r e s e n t  i n  h i g h  n u m b e r s  i n  t h e  m e a l  g r a d u a l l y  
d i s a p p e a r  d u r i n g  f e r m e n t a t i o n .  O n e  o f  t h e  r e a s o n s  f o r  t h i s  c o u l d  
b e  t h e  r e d u c t i o n  i n  t h e  o x y g e n  t e n s i o n  t h a t  n o r m a l l y  r e s u l t s  f r o m  
f e r m e n t a t i o n .  D u r i n g  t h e  t r a d i t i o n a l  p r e p a r a t i o n  o f  t i n g  t h e  t o p  
l a y e r  o f  t h e  f e r m e n t  i s  c o n s i s t e n t l y  c h a r a c t e r i z e d  b y  a  b l a n k e t  
o f  v a r i o u s  t y p e s  o f  m o u l d s .  T h e s e  m o u l d s  c o u l d  b e  s e c o n d a r y  
i n v a d e r s  g r o w i n g  l u x u r i a n t l y  o n  t h e  s u r f a c e  w h e r e  t h e  o x y g e n  t e n s i o n  
i s  h i g h  e n o u g h  t o  f a c i l i t a t e  g r o w t h .
T h e  e n t e r o b a c t e r i a ,  s t a p h y l o c o c c i , m i c r o c o c c i  a n d  f l a v o b a c t e r i a  a l s o  
d i s a p p e a r e d  d u r i n g  t i n g  f e r m e n t a t i o n .  T h e  r a t e  o f  d i s a p p e a r a n c e  w a s  
t o  a  l a r g e  e x t e n t  g o v e r n e d  b y  t h e  i n c u b a t i o n  t e m p e r a t u r e .  T h i s  i s  
d u e  t o  t h e  e f f e c t  o f  t e m p e r a t u r e  o n  g r o w t h  o f  v a r i o u s  o r g a n i s m s ,
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p H ,  p r o d u c t i o n  o f  a l c o h o l ,  o x y g e n  t e n s i o n ,  v a r i o u s  c a r b o x y l i c  
a c i d s  a n d  i n e v i t a b l y ,  o n  a  f a l l  i n  l e v e l s  o f  n u t r i e n t s  r e s u l t i n g  
f r o m  t h e  h i g h  c o u n t s  o f  o r g a n i s m s .  T h e  p o o r  s e l e c t i v i t y  o f  s o m e  
m e d i a  u s e d  t o  e n u m e r a t e  a n d  i s o l a t e  p a r t i c u l a r  g r o u p s  w a s  
a c k n o w l e d g e d  b u t  n o t  i n v e s t i g a t e d .  O b l i g a t e  a n a e r o b e s  a n d  
o r g a n i s m s  w i t h  a  l o w  m a x im u m  g r o w t h  t e m p e r a t u r e  m a y  h a v e  
b e e n  p r e s e n t  i n  s o m e  t i n g s  b u t  w o u l d  n o t  h a v e  b e e n  c u l t i v a t e d  
b y  t h e  m e t h o d s  e m p l o y e d .
M i c r o o r g a n i s m s  g r o w  o v e r  a  w i d e  t e m p e r a t u r e  r a n g e .  F e r m e n t a t i o n  
o f  m e a l  a t  t h e  l o w  t e m p e r a t u r e s  ( 1 5 °  a n d  2 0 ° C )  c a u s e d  b e t a b a c t e r i a  
o f  t h e  g e n u s  L a c t o b a c i l l u s , f l a v o b a c t e r i a  a n d  s t r e p t o c o c c i  t o  
d o m i n a t e .  A n  i n c r e a s e  i n  t e m p e r a t u r e  t o  2 5 ° ,  3 0 °  a n d  3 7 ° C  
r e s u l t e d  i n  a  h i g h l y - v a r i e d  f l o r a  c o n s i s t i n g  o f  v a r i o u s  b a c t e r i a  
a n d  y e a s t s .  A t  4 4 ° C ,  o n l y  .L ^  f e r m e n t u m  a n d  t h e  B a c i l l u s  s p p .  
w e r e  p r e d o m i n a n t .
O r g a n is m s  t h a t  u l t i m a t e l y  d o m i n a t e d  t h e  f e r m e n t a t i o n  o v e r  a  w i d e  
r a n g e  o f  t e m p e r a t u r e  w e r e  t h e  y e a s t s  a n d  l a c t o b a c i l l i .  T h e  
a s s o c i a t i o n  o f  y e a s t s  a n d  l a c t o b a c i l l i  i s  q u i t e  c o m m o n  i n  m a n y  
f e r m e n t a t i o n  p r o d u c t s .  Y e a s t s  h a v e  b e e n  s h o w n  t o  s y n t h e s i z e  
e s s e n t i a l  g r o w t h  f a c t o r s  f o r  l a c t o b a c i l l i  ( C h a l l i n o r  e t  a l . ,  1 9 5 4  
a n d  B e u c h a t  e t  a l . , 1 9 7 9 ) .  A c c o r d i n g  t o  W o o d  ( . 1 9 8 1 ) ,  a  c h a r a c t e r i s t i c  
o f  t h e s e  a s s o c i a t i o n s  w a s  t h e i r  a b i l i t y  t o  a c h i e v e  d o m i n a n c e  o v e r  t h e  
o r g a n i s m s  n a t u r a l l y  p r e s e n t  i n  t h e  r a w  m a t e r i a l s  b y  a l c o h o l  
p r o d u c t i o n  b y  t h e  y e a s t s ,  a c i d . p r o d u c t i o n  b y  t h e  l a c t o b a c i l l i  a n d  
a n a e r o b i o s i s  i n d u c e d  b y  t h e  f e r m e n t a t i o n .
F a c t o r s  c o n t r i b u t i n g  t o  s e l e c t i v i t y  o f  f e r m e n t a t i o n
P jj  a n d  a c i d i t y
V e g e t a b l e s  a r e  g e n e r a l l y  l o w  i n  p r o t e i n .  M a i z e  h a s  a  p r o t e i n  
c o n t e n t  o f  a r o u n d  1 0 % . D u r i n g  m i l l i n g ,  m o s t  o f  t h e  p r o t e i n  i s  
l o s t  w i t h  t h e  r e s u l t  t h a t  m a i z e  m e a l  h a s  a  l o w  p r o t e i n  c o n t e n t .  
P r o t e i n s  n o r m a l l y  c o n t r i b u t e  t o  t h e  b u f f e r i n g  c a p a c i t y  o f  f o o d s .  
C o n s e q u e n t l y ,  m a i z e  m e a l  h a d  a  l o w  c a p a c i t y  t o  r e s i s t  P H c h a n g e s  
c a u s e d  b y  t h e  g r o w t h  o f  m i c r o o r g a n i s m s .
M o s t  b a c t e r i a  g r o w  b e s t  a t  a p p r o x i m a t e l y  P H 6 . 6 - 7 . 5 .  F e w  g r o w  
b e l o w  P H  4 .  T h e  y e a s t s  a n d  m o u l d s  a r e  n o t  a s  s e n s i t i v e  a s  b a c t e r i a  
a r e  t o  r e d u c e d  P H , b e i n g  a b l e  t o  g r o w  a t  p H  b e l o w  3 . 5  ( J u l y ,  1 9 7 8 ) .
T h e  o t h e r  f a c t o r  w a s  t h e  t y p e  o f  a c i d  p r e s e n t .  L a c t o b a c i l l i ,  f o r  
i n s t a n c e ,  g r e w  w e l l  a t  l o w  p H  i f  t a r t a r i c  o r  c i t r i c  a c i d s  w e r e  
p r e s e n t ,  b u t  t h e y  w e r e  i n h i b i t e d  i f  a c e t i c  o r  l a c t i c  a c i d  w e r e  
p r e s e n t  ( J u v e n ,  1 9 7 6 ) .
D u r i n g  t i n g  f e r m e n t a t i o n ,  l a c t i c ,  o x a l a c e t i c ,  s u c c i n i c ,  a c e t i c ,  b u t y r i c  
a n d  i s o b u t y r i c  a c i d s  w e r e  t h e  m a j o r  a c i d s  p r o d u c e d  d e p e n d i n g  o n  t h e  
f e r m e n t a t i o n  t e m p e r a t u r e  a n d  c h a r a c t e r i s t i c  o f  t h e  m e a l .  S i n c e  C O ^  
w a s  p r o d u c e d  c a r b o n i c  a c i d  w a s  p r o b a b l y  a l s o  f o r m e d .  T h i s  a c i d i t y  
r e s u l t i n g  f r o m  m i c r o b i a l  a c t i v i t y  m u s t  h a v e  s e l e c t e d  a g a i n s t  s u c h  
o r g a n i s m s  a s  s t a p h y l o c o c c i ,  e n t e r o b a c t e r i a  a n d  o t h e r  o r g a n i s m s ,  
i n c l u d i n g  t h e  f o o d  p o i s o n i n g  b a c t e r i a .  A c c o r d i n g  t o  P r i e s t  ( 1 9 7 4 ) ,  
e n t e r o b a c t e r i a  g e n e r a l l y  a s s o c i a t e d  w i t h  b r e w i n g  a r e  s e n s i t i v e  t o  p H  
b e l o w  4 . 4  a n d  t o  a  l e s s e r  d e g r e e  t o  e t h a n o l  c o n c e n t r a t i o n s  o v e r  2% ( w / v ) .
T h e  f o r m a t i o n  o f  s u c c i n i c  a c i d  h a s  b e e n  a t t r i b u t e d  t o  y e a s t  a c t i v i t y  
( W h i t e  e t  a l . ,  1 9 5 1  a n d  M a c k e n z i e  e t  a l . , 1 9 6 5 ) .  D i f f e r e n t  y e a s t  
s t r a i n s  p r o d u c e d  s u c c i n i c  a c i d  i n  a m o u n t s  d e p e n d e n t  o n  t h e  y e a s t  g r o w t h  
( M a c k e n z i e  e t  a l . , 1 9 6 5 ) .
L a c t i c  a c i d ,  o n  t h e  o t h e r  h a n d ,  h a s  b e e n  s h o w n  t o  b e  p r o d u c e d  m a i n l y  
b y  t h e  l a c t o b a c i l l i  d u r i n g  t i n g  f e r m e n t a t i o n .  M o s t  o f  t h e  l a c t i c  
a c i d  w a s  p r o d u c e d  a f t e r  t h e  f i r s t  2 4  h o u r s  o f  t h e  f e r m e n t a t i o n .
A c c o r d i n g  t o  M a c k e n z i e  e t  a l . ( 1 9 6 5 )  , t h e  p r o d u c t i o n  o f  l a c t i c  a c i d  
i n  t h e  l a t t e r  s t a g e s  o f  f e r m e n t a t i o n  c o i n c i d e d  w i t h  t h e  p r o l i f e r a t i o n  
o f  b a c t e r i a  t h a t  w a s  a c c e l e r a t e d  b y  y e a s t  e x c r e t i o n  a n d  a u t o l y s i s  
p r o d u c t s  s h o w n  b y  i n c r e a s e  i n  a l p h a - a m i n o  n i t r o g e n  a f t e r  1 6  h o u r s .
A c e t i c  a c i d  w a s  f o u n d  t o  b e  m o r e  t o x i c  t h a n  l a c t i c  a c i d  ( K i r b y  e t  a l . ,  
1 9 3 4 )  . A c e t i c  a c i d  i n  v e r y  s m a l l  a m o u n t s  a n d  a t  r e l a t i v e l y  h i g h  p H  
w a s  t o x i c  t o  c e r t a i n  a e r o b i c  b a c t e r i a ,  y e a s t s  a n d  m o u l d s  ( L e v i n e  e t  a l . , 
1 9 4 0 ) .  I t  w a s  s h o w n  t h a t  y e a s t s  a n d  m o u l d s  w e r e  m a r k e d l y  m o r e  r e s i s t a n t  
t o  t h e  a c i d  t h a n  t h e  b a c t e r i a .  T h e  t o x i c  a c t i o n  o f  a c e t i c  a c i d  w a s  
t h o u g h t  t o  b e  d u e  t o  t h e  u n d i s s o c i a t e d  a c e t i c  a c i d  m o l e c u l e  e x e r t i n g  
a  s y n e r g i c  e f f e c t  o n  t h e  d i s i n f e c t i n g  p o w e r  o f  t h e  h y d r o g e n  i o n .  T h i s  
s y n e r g i c  e f f e c t  o f  a c e t i c  a c i d  c o n c e n t r a t i o n  a n d  p H  w a s  a l s o  d e m o n s t r a t e d  
b y  C r u e s s  ( 1 9 3 1 ) .  H e  o b s e r v e d  t h a t  y e a s t s  a n d  m o u l d s  w e r e  p r e v e n t e d  b y  
. 8  t o  1% a c e t i c  a c i d  a t  p H  3 . 5 ,  w h e r e a s  a t  p H  7  a n  a c e t a t e  c o n c e n t r a t i o n  
e q u i v a l e n t  t o  3% f a i l e d  t o  p r e v e n t  g r o w t h .  J a y  ( 1 9 7 8 )  a t t r i b u t e s  t h e  
a n t i m i c r o b i a l  a c t i v i t y  o f  t h i s  a c i d  t o  t h e  d e p r e s s i o n  o f  p H  b e l o w  t h e  
g r o w t h  r a n g e  a n d  m e t a b o l i c  i n h i b i t i o n  b y  t h e  u n d i s s o c i a t e d  a c i d  m o l e c u l e s .  
T h e  p H  o f  t h e  c u l t u r e  m e d iu m  w a s  s h o w n  t o  h a v e  a  m a r k e d  i n f l u e n c e  
u p o n  t h e  g r o w t h  f a c t o r  r e q u i r e m e n t s  o f  b a c t e r i a .  W i t h  S .  a u r e u s ,  t h e  
d e m a n d  f o r  n i c o t i n i c  a c i d  w a s  a p p r o x i m a t e l y  1 5  t i m e s  a s  m u c h  a t  p H  6
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t h a n  a t  p H  8  ( D o e d e ,  1 9 4 9 ) .  O t h e r  o r g a n i s m s ,  i n c l u d i n g  s o m e  G r a m  
n e g a t i v e  r o d s  a n d  l a c t o b a c i l l i  w e r e  s i m i l a r l y  a f f e c t e d  i n  t h e i r  
r e q u i r e m e n t s  f o r  f o l i c  a c i d ,  r i b o f l a v i n ,  b i o t i n  a n d  p a n t o t h e n i c  
a c i d .
A l c o h o l  p r o d u c t i o n
T h e  p r o d u c t i o n  o f  a l c o h o l  a l s o  v a r i e d  d e p e n d i n g  o n  t e m p e r a t u r e ,  b e i n g  
g r e a t e s t  a t  3 7 ° C  a n d  l o w e s t  o r  a b s e n t  a t  1 5 ° .  A l c o h o l s  p o s s e s s e d  
a n t i m i c r o b i a l  p r o p e r t i e s  ( W h i t e  e t  a l . ; W o o d , 1 9 8 1 ) .  O n e  w o u l d  
e x p e c t  a  m o r e  r a p i d  r e d u c t i o n  o f  s e n s i t i v e  o r g a n i s m s  a t  t h o s e  
t e m p e r a t u r e s  w h e r e  t h e  m o s t  p r o d u c t i o n  o f  a l c o h o l  w a s  o b s e r v e d .
C e r t a i n  l a c t o b a c i l l i  w e r e  c a p a b l e  o f  g r o w t h  i n  a l c o h o l  c o n c e n t r a t i o n s  
o f  1 0 % . S u c h  o r g a n i s m s  a s  L . t r i c h o d e s  w o u l d  n o t  b e  i n h i b i t e d  b y  
a l c o h o l  d u r i n g  t h i s  f e r m e n t a t i o n .
O /R  p o t e n t i a l
D u r i n g  t h e  f e r m e n t a t i o n  o f  m e a l ,  g a s e o u s  p r o d u c t s  w e r e  r e l e a s e d .
T h e  v i g o u r  o f  p r o d u c t i o n  d e p e n d e d  t o  a  l a r g e  e x t e n t  o n  t h e  
f e r m e n t a t i o n  t e m p e r a t u r e .  O n e  o f  t h e  f a c t o r s  - t h a t  d e t e r m i n e  t h e  
O / R  p o t e n t i a l  o f  a  f o o d  w a s  t h e  o x y g e n  t e n s i o n  o f  t h e  a t m o s p h e r e  
a b o u t  t h e  f o o d  ( F r a z i e r ,  1 9 6 8 ) .  T h e  d i f f u s i o n  o f  CO^ i n t o  t h e  s p a c e  
i n  t h e  f e r m e n t a t i o n  j a r  w o u l d  l e a d  t o  s e l e c t i o n  o f  m i c r o a e r o p h i l l i c  
a n d  f a c u l t a t i v e l y  a n a e r o b i c  o r g a n i s m s .  R e d u c t i o n  i n  n u m b e r s  o f  
a e r o b e s  s u c h  a s  m o u l d s ,  e n t e r o b a c t e r i a  a n d  o t h e r s  w a s  t h e r e f o r e  
l i k e l y  d u r i n g  t h i s  f e r m e n t a t i o n .
N u t r i e n t  c o n t e n t  a n d  c o m p e t i t i o n
T h e  e f f e c t  o f  t h e  f e r m e n t a t i o n  o n  t h e  n u t r i t i o n a l  c o n t e n t  o f  m e a l  
i s  c o m p l e x .  I n i t i a l l y ,  t h e r e  w a s  a  r a p i d  r i s e  i n  c o u n t  o f  m o s t  
g r o u p s  t h a t  w o u l d  r e s u l t  i n  e x h a u s t i o n  o f  t h e  n u t r i e n t s .  T h i s  w o u l d  
l e a d  t o  c o m p e t i t i o n  a n d  u l t i m a t e  s u r v i v a l  o f  t h e  f i t t e s t .  T h e  g r a d u a l  
i n c r e a s e  i n  n u m b e r s  o f  y e a s t s  t h a t  p r o d u c e  B  v i t a m i n s  w o u l d  t h e n  
i m p r o v e  t h e  n u t r i t i o n a l  c o n t e n t ,  t h u s  a l l o w i n g  t h e  l a c t i c  a c i d  
b a c t e r i a  t h a t  n o r m a l l y  h a v e  a  l o w  s y n t h e t i c  a b i l i t y  t o  g r o w .  O n e  
w o u l d  a l s o  e x p e c t  t h a t  m i c r o b i a l  c o m p o n e n t s  o f  t h e  d e a d  o r g a n i s m s  
w o u l d  b e  u t i l i z a b l e  b y  t h o s e  s u r v i v i n g  o r g a n i s m s .
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T h e  i n i t i a l  r i s e  i n  n u m b e r s  o f  o r g a n i s m s  l e a d s  t o  c o m p e t i t i o n .  S . 
a u r e u s  h a s  b e e n  s h o w n  t o  b e  p. p o o r  c o m p e t i t o r  ( O b e r h o f e r  e t  a l . ,
1 9 6 1 ;  T r o l l e r  e t  a l . , 1 9 6 3 ;  U r o m a  e t  a l . , 1 9 4 7 ;  D a h i y a  e t  a l . ,
1 9 6 8  a n d  H u r s t ,  1 9 7 3 )  . A c c o r d i n g  t o  I a n d o l o  e t  a l . ( 1 9 6 5 )  , S .  
a u r e u s  i s  i n h i b i t e d  m a i n l y  b e c a u s e  o f  n u t r i e n t  d e p l e t i o n  m o r e  t h a n  
l o w e r e d  p H .  O r g a n i s m s  i s o l a t e d  f r o m  t i n g  a n d  s h o w n  t o  i n h i b i t  
S . a u r e u s  w e r e :  S .  f a e c a l i s , L .  l a c t i s , P .  c e r e v i s i a e , E n t .  a e r o g e n e s ,
s o m e  l e u c o n o s t o c s  a n d  y e a s t s .  T e m p e r a t u r e  w a s  a n  i m p o r t a n t  f a c t o r  
i n  a n t i b i o s i s .  F o r  i n s t a n c e ,  S . a u r e u s  w a s  m o s t  a f f e c t e d  a t  1 5 ° C  
a n d  4 4 ° C  t h a n  a t  t h e  o t h e r  t e m p e r a t u r e s .
Y e a s t s  w e r e  f o u n d  t o  b e  m a i n l y  r e s p o n s i b l e  f o r  t h e  p r o d u c t i o n  o f  
i n h i b i t o r y  s u b s t a n c e s  ( R o b i n s o n  e t  a l . , 1 9 5 8 ) .  U r o m a  e t  a l . ( 1 9 4 7 )  
i s o l a t e d  t h e  y e a s t  a c t i v e  s u b s t a n c e  p r o d u c e d  b y  b e e r  y e a s t s ,  b a k e r ' s  
y e a s t s  a n d  T o r u l a  u t i l i s . L a c t o b a c i l l i  w e r e  a l s o  s h o w n  t o  b e  c a p a b l e  
o f  c a u s i n g  i n h i b i t i o n  b y  v i r t u e  o f  s t r o n g  a c i d  p r o d u c t i o n ,  h y d r o g e n  
p e r o x i d e  a n d  a n t i b i o t i c s  ( H u r s t ,  1 9 7 3 ;  D a h i y a  e t  a l . , 1 9 6 8  a n d  
W h e a t h e r  e t  a l . , 1 9 5 2 ) .  S t r a i n s  o f  a e r o b a c t e r  w e r e  a l s o  o b s e r v e d  
t o  e x e r t  s o m e  a n t i b i o s i s  a g a i n s t  B a c i l l u s  s p p .  b y  ' d i r e c t  a n t a g o n i s m '  
( B o w l i n g  e t  a l . ,  1 9 5 1 ) .
T h e  i n h i b i t i o n  o f  S . a u r e u s  b y  l a c t i c  a c i d  b a c t e r i a  h a s  b e e n  s h o w n  
b y  K a o  e t  a l . ( 1 9 6 6 )  n o t  t o  b e  c o n s i s t e n t  a t  1 5 ° ,  2 0 °  a n d  2 5 ° C .
S o m e  s t r a i n s  a r e  s t i m u l a t o r y  d u r i n g  t h e  i n i t i a l  1 8  h o u r s  b u t  b e c o m e  
i n h i b i t o r y  b y  2 4  h o u r s  o w i n g  t o  a c i d  p r o d u c t i o n .  S o m e  a r e  i n h i b i t o r y  
a t  l o w  t e m p e r a t u r e s ,  w h i l e  o t h e r s  a r e  i n h i b i t o r y  a t  a l l  t e m p e r a t u r e s .  
T h e  m e c h a n is m  h a s  b e e n  s h o w n  t o  b e  a  c o m b i n a t i o n  o f  a n t i b i o t i c  
s u b s t a n c e s  a n d  c o m p e t i t i o n  f o r  n u t r i e n t s  ( D i G i a c i n t o  e t _ a d . , 1 9 6 6 ) .
O n e  w o u l d  e x p e c t  t h a t  t h e  c o m b in e d  e f f e c t  o f  a l l  t h e  a b o v e  f a c t o r s  
w o u l d  a c t  a s  a  s t r o n g  s e l e c t i v e  f a c t o r  s o  t h a t  u l t i m a t e l y ,  t h e  
f e r m e n t a t i o n  c a n  b e  c h a r a c t e r i z e d .
P r o d u c t i o n  o f  g a s e o u s  p r o d u c t s
A c c o r d i n g  t o  W h i t e  e t  a l_ .  ( 1 9 5 1 )  ,  t h e  e v o l u t i o n  o f  CC>2 i s  a  m e a s u r e  
o f  f e r m e n t a t i o n  p l u s  a s s i m i l a t i o n  o f  s u g a r .  T h e  v a r i a t i o n  i n  t h e  
i n i t i a l  a p p e a r a n c e  a n d  d u r a t i o n  o f  e v o l u t i o n  o f  g a s e s  i s  d e p e n d e n t  
u p o n  t e m p e r a t u r e .  T h e  m a i n  o r g a n i s m s  t h a t  c o n t r i b u t e  t o  t h e s e
g a s e s  a r e  t h e  y e a s t s  ( a l s o  o b s e r v e d  b y  W h i t e ,  e t  a l . ,  1 9 5 1 ) ,  t h e  
h e t e r o f e r m e n t a t i v e  l a c t i c  a c i d  b a c t e r i a  a n d ,  t o  s o m e  e x t e n t ,  t h e  
e n t e r o b a c t e r i a .  T h e  e f f e c t  o f  t e m p e r a t u r e  i s  b y  d i r e c t l y  s e l e c t i n g  
f o r  t h o s e  o r g a n i s m s  c a p a b l e  o f  t h i s  g a s e o u s  p r o d u c t i o n .  T h e  m o r e  
v i g o r o u s  t h e  e v o l u t i o n  t h e  m o r e  a n a e r o b i o s i s  r e s u l t s  i n  t h e  
f e r m e n t i n g  j a r ,  a n d  t h e r e f o r e  t h e  m o r e  s e l e c t i v e  t h e  e n v i r o n m e n t .
I I . C h a r a c t e r i s t i c s  o f  t i n g  f e r m e n t a t i o n
V a r i a b i l i t y  i n  p H ,  a c i d i t y  a n d  c a r b o x y l i c  a c i d  p r o d u c t i o n
W h e n  m a i z e  m e a l  i s  f e r m e n t e d  n a t u r a l l y ,  t h e  r e a c t i o n  i s  a c c o m p a n i e d  
b y  a  d e c l i n e  i n  p H  o r  a n  i n c r e a s e  i n  a c i d i t y .  T h e  r a t e  o f  t h i s  
p H  d e c l i n e  i s  d e p e n d e n t  u p o n  t h e  t e m p e r a t u r e  o f  f e r m e n t a t i o n  a n d  
a l s o  o n  t h e  t y p e s  o f  m e a l  u s e d .  T h e  m o s t  e f f e c t i v e  t e m p e r a t u r e  f o r  
p H  d e c l i n e  i s  a t  4 4 °  f o l l o w e d  b y  3 7 ° ,  3 0 ° ,  2 5 ° ,  2 0 °  a n d  1 5 ° C ,  
r e s p e c t i v e l y .  O n  t h e  o t h e r  h a n d ,  t h e  m o s t  a c i d  i s  p r o d u c e d  a t  3 7 ° ,  
f o l l o w e d  b y  4 4 ° ,  3 0 ° ,  2 5 ° ,  2 0 °  a n d  1 5 ° C ,  r e s p e c t i v e l y .  T h e s e  
r e s u l t s  s u g g e s t  t h a t  t h e  b u f f e r i n g  a c t i v i t y  o f  t h e  m e a l  i s  h i g h e r  
a t  3 7 °C  t h a n  i t  i s  a t  4 4 ° C .
T h e  p H  d e c l i n e  o f  b o t h  I m p a l a  a n d  E x c e l l a  t i n g  i s  s i m i l a r .  T h e  
s l o w e s t  d r o p  i n  p H  i s  t h a t  o f  A c e  f e r m e n t a t i o n .  T h i s  i s  p r o b a b l y  
d u e  t o  t h e  o b s e r v e d  l o w e r  c o u n t  o f  l a c t o b a c i l l i  i n  t h i s  m e a l .  T h e  
d i f f e r e n c e  b e t w e e n  t h e  a c i d i t y  o f  A c e  t i n g  a n d  t h a t  o f  I m p a l a ,
E x c e l l a  a n d  I n d u n a  i s  m o r e  p r o n o u n c e d  t h a n  i s  t h e  d i f f e r e n c e  i n  t h e i r  
p H .  B e c a u s e  A c e  i s  g r o u n d  f i n e r  t h a n  t h e  o t h e r  t h r e e  t y p e s  o f  m e a l ,  
o n e  w o u l d  a l s o  e x p e c t  m o r e  p r o t e i n  m a t e r i a l  t o  g o  i n t o  s o l u t i o n  t o  
i n c r e a s e  i t s  b u f f e r i n g  c a p a c i t y .
I n  g e n e r a l ,  t h e  l o w e s t  p H  o f  a r o u n d  2 . 9 - 3 . 1  i s  r e a c h e d  b y  t h e  t h i r d  
o r  f o u r t h  d a y  o f  f e r m e n t a t i o n .  T h e r e a f t e r ,  t h e r e  i s  a  s t e a d y  r i s e  
i n  p H .  A  s i m i l a r  b e h a v i o u r  w a s  o b s e r v e d  b y  M a c K e n z i e  e t  a l .  ( 1 9 6 4 )  
d u r i n g  t h e  f e r m e n t a t i o n  o f  u n s t e r i l i z e d  w o r t .  S u c c i n i c ,  c i t r i c ,  
m a l i c  a n d  l a r g e  a m o u n t s  o f  l a c t i c  a c i d  w e r e  p r o d u c e d  i n  t h i s  
f e r m e n t a t i o n .  T h e  p H  c h a n g e d  i n  1 6  h o u r s  f r o m  5 . 6 - 3 . 6  a n d  b y  4 0  
h o u r s  i t  h a d  r i s e n  t o  4 . 2 .  T h e s e  p H  c h a n g e s  w e r e  c o n s i d e r e d  t o  b e  
d u e  f i r s t  t o  t h e  p r o d u c t i o n  o f  o r g a n i c  a c i d s  e s p e c i a l l y  s u c c i n i c  a n d  
t o  l o s s  o f  m o s t  b u f f e r i n g  p o w e r  d u e  t o  u p t a k e  o f  n i t r o g e n  a n d
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p h o s p h a t e s  b y  t h e  y e a s t s  d u r i n g  t h i s  p e r i o d  o f  r a p i d  g r o w t h .
S e c o n d l y  f o l l o w s  a  p e r i o d  o f  y e a s t  a u t o l y s i s  a n d  e x c r e t i o n ,  t h e  
r a t e  o f  w h i c h  i s  d e p e n d e n t  o n  t e m p e r a t u r e ,  w h i c h  r e t u r n s  t o  t h e  
f e r m e n t i n g  l i q u o r  p h o s p h a t e  b u f f e r i n g  c a p a c i t y .  L a s t l y ,  p H  f a l l s  
a g a i n  d u e  t o  p r o d u c t i o n  o f  l a c t i c  a c i d .  B y  t h i s  t i m e ,  p r o l i f e r a t i o n  
o f  b a c t e r i a  i s  a c c e l e r a t e d  b y  y e a s t  e x c r e t i o n .
I n  n a t u r a l l y  f e r m e n t i n g  m a i z e  m e a l ,  t h e r e  i s  a  d e f i n i t e  p r o g r e s s i o n  
i n  t h e  t y p e s  a n d  q u a n t i t i e s  o f  c a r b o x y l i c  a c i d s  p r o d u c e d  a t  v a r y i n g  
t e m p e r a t u r e s .  T h e  d e v e l o p m e n t  o f  t h e s e  a c i d s  i s  a  g r a d u a l  p r o c e s s  
w i t h  t h e  m a x im u m  q u a n t i t y  d e v e l o p i n g  b y  d a y  3 a t  t e m p e r a t u r e s  
b e t w e e n  3 0 °  a n d  4 4 °C  a n d  l o n g e r  p e r i o d s  a t  l o w e r  t e m p e r a t u r e s .  T h e  
1 5 °  f e r m e n t  w h i c h  i s  c h a r a c t e r i z e d  b y  a  b l a n d  t a s t e  e v e n  a f t e r  3 d a y s  
o f  f e r m e n t a t i o n  h a s  n o  v o l a t i l e  c o m p o n e n t  a n d  o n l y  t r a c e s  o f  n o n -  
v o l a t i l e s .  T h i s  f e r m e n t  i s  a s s o c i a t e d  m a i n l y  w i t h  G r a m  n e g a t i v e  
r o d s  a n d  a  v e r y  l o w  c o u n t  o f  l a c t o b a c i l l i .  T h e  2 0 ° C  f e r m e n t ,  w h i l e  
h a v i n g  a  l o w  v o l a t i l e  c o m p o n e n t ,  i s  a s s o c i a t e d  w i t h  a  n o n - v o l a t i l e  
c o m p o n e n t  w h i c h  i s  m a d e  u p  m a i n l y  o f  l a c t i c  a c i d ,  o f  a p p r o x i m a t e l y  
. 4 % .  W h i l e  a t  t h i s  t e m p e r a t u r e  t h e r e  s t i l l  r e m a i n  s o m e  G r a m  n e g a t i v e  
r o d s ,  t h e s e  a r e  r e p l a c e d  m o r e  r a p i d l y  b y  v a r i o u s  l a c t i c  a c i d  
b a c t e r i a  a n d  y e a s t s .  A t  2 5 ° C ,  t h e  n o n - v o l a t i l e  c o n t e n t  i s  > 1 % ,  b u t  
t h e  v o l a t i l e  c o m p o n e n t  s t i l l  r e m a i n s  l o w  ( <  .3 % ) . G r a m  n e g a t i v e  
r o d s  d i s a p p e a r  m o r e  r a p i d l y  a t  t h i s  t e m p e r a t u r e .  A t  3 0 °  a n d  3 7 ° C ,  
b o t h  v o l a t i l e  c o m p o n e n t  ( > . 5 % )  a n d  n o n - v o l a t i l e  c o n t e n t  (> 1 % )  a r e  
h i g h .  B o t h  t e m p e r a t u r e s  a r e  c h a r a c t e r i z e d  b y  a  m i x e d  f l o r a  
c o n s i s t i n g  m o r e  o f  G r a m  p o s i t i v e  o r g a n i s m s  a n d  y e a s t s .  T h e  v o l a t i l e  
c o m p o n e n t  a t  4 4 °C  f a l l s  b e l o w  t h a t  o f  t h e  a b o v e  t e m p e r a t u r e s ,  b u t  
t h e  n o n - v o l a t i l e  c o n t e n t  r e m a i n s  h i g h  ( > 1 % ) .  T h i s  f e r m e n t  i s  
c h a r a c t e r i z e d  b y  t h e  p r e s e n c e  o f  l a c t o b a c i l l i ,  c h i e f l y  L .  f e r m e n t u m  
a n d  B a c i l l u s  s p p .
V a r i a t i o n  i n  m e a l  t y p e  a n d  i n  s t o r a g e  t i m e  r e s u l t s  i n  a l t e r a t i o n  
i n  q u a n t i t i e s  a n d  t y p e s  o f  c a r b o x y l i c  a c i d s  p r o d u c e d  d u r i n g  
f e r m e n t a t i o n .
W h i l e  t i n g  f e r m e n t a t i o n  c a n  b e  g e n e r a l l y  c h a r a c t e r i z e d  a s  a  l a c t i c  
a c i d  f e r m e n t a t i o n ,  t h i s  i s  n o t  a b s o l u t e l y  t h e  c a s e .  I t  w a s  n o t e d  
t h a t  f o r  E x c e l l a  m e a l ,  t h e  p r e d o m i n a n t  n o n - v o l a t i l e  w a s  s u c c i n i c ,  
w h i l e  t h e  p r e d o m i n e n t  v o l a t i l e  w a s  b u t y r i c  a c i d .  F e r m e n t a t i o n s  o f
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I m p a l a ,  A c e  a n d  I n d u n a  w e r e  c o n s i s t e n t l y  l a c t i c  a c i d  f e r m e n t a t i o n s  
a n d  a c e t i c  w a s  t h e  p r e d o m i n a n t  v o l a t i l e  a c i d .
W h e n  t h e  m e a l  w a s  s t o r e d  f o r  4  a n d  6  m o n t h s ,  i t  w a s  n o t i c e d  t h a t
t h e r e  w a s  a  g e n e r a l  i n c r e a s e  i n  t h e  v a l u e s  o f  b u t y r i c , l a c t i c ,
o x a l a c e t i c  a n d  s u c c i n i c  a c i d  w i t h  a l l  t y p e s  o f  m e a l  a s  t h e  s t o r a g e
t i m e  w a s  i n c r e a s e d .  N o  s u c h  i n c r e a s e  w a s  e v i d e n t  i n  t h e  v a l u e s  o f
a c e t i c  a n d  i s o b u t y r i c  a c i d .  I n c r e a s e  i n  s t o r a g e  t i m e  h a s  b e e n
s h o w n  t o  i n c r e a s e  f a t  a c i d i t y  o f  m e a l .  T h e  i n c r e a s e  i n  t h e  a m o u n t  
a cAd
o f  b u t y r i c / i s  t h e r e f o r e  n o t  s u r p r i s i n g .  C h a n g e s  i n  c o n t e n t  o f  o t h e r  
a c i d s  m u s t  b e  r e l a t e d  t o  c h a n g e s  i n  f l o r a  o f  t h e  m e a l  d u e  t o  s t o r a g e .
b . A c c e p t a b i l i t y  o f  t i n g
A c c e p t a b i l i t y  o f  t i n g  v a r i e d  d e p e n d i n g  o n  t h e  e x p e c t a t i o n s  o f  t h e  
i n d i v i d u a l .  P e r s o n s  f r o m  s o m e  r e g i o n s  o f  B o t s w a n a  p r e f e r  u n f e r m e n t e d  
p o r r i d g e  t o  t h e  f e r m e n t e d  o n e .  T h e s e ,  i f  u s e d  a s  t a s t e  p a n e l i s t s ,
w o u l d  b e  i n c l i n e d  t o  g i v e  t h e  1 5 ° C  f e r m e n t  a  h i g h  s c o r e  d u r i n g  t h e
i n i t i a l  3 d a y s ,  w h i l e  t h e  p H  w a s  s t i l l  h i g h .  O t h e r  p e r s o n s ,  f o r
i n s t a n c e  f r o m  t h e  M o c h u d i  a r e a ,  p r e f e r  q u i t e  s o u r  f e r m e n t s .  S u c h
p a n e l i s t s  w o u l d  t e n d  t o  p r e f e r  t h e  3 7 °C  f e r m e n t  w h i c h  i s  q u i t e  h i g h  
i n  i t s  c a r b o x y l i c  a c i d  c o n t e n t .
A t  2 0 °  a n d  2 5 ° C ,  t h e  p r o d u c t  o f  f e r m e n t a t i o n  d u r i n g  t h e  f i r s t  2  d a y s  
i s  c h a r a c t e r i z e d  b y  s t r o n g  o f f - f l a v o u r s . T h e s e  o d o u r s  w e r e  s i m i l a r  
t o  t h e  p u r e  c u l t u r e  m a i z e  f e r m e n t s  o f  F l a v o b a c t e r i u m  s p p .  b e i n g  
l i k e n e d  w i t h  t h e  s m e l l  o f  r o t t e n  c a b b a g e .  A t  o t h e r  t e m p e r a t u r e s ,  
t h e s e  o r g a n i s m s  w e r e  n o t  i s o l a t e d .  A n  e a r l i e r  a p p e a r a n c e  o f  
l a c t o b a c i l l i  a n d  y e a s t s  t h a n  a t  1 5 ° C  r e s u l t s  i n  a n  e a r l i e r  r e d u c t i o n  
i n  p H  t h a t  l e a d s  t o  a  h i g h e r  a c c e p t a b i l i t y . T h e  3 0 ° C  f e r m e n t  
c o n s i s t e n t l y  r e c e i v e d  t h e  h i g h e s t  s c o r e .  T h e  d i f f e r e n c e  i n  
a c c e p t a b i l i t y  o f  p r o d u c t s  f e r m e n t i n g  a t  1 5 ° ,  2 0 ° ,  2 5 ° ,  3 0 ° ,  3 7 °  a n d  
4 4 °C  w e r e  s i g n i f i c a n t  w h e n  p <  . 0 0 0 1 .  T h i s  h i g h  s i g n i f i c a n c e  i n d i c a t e s  
t h e  g r e a t  i n f l u e n c e  t h a t  t e m p e r a t u r e  h a s  o n  t h e  r e s u l t s  o f  f e r m e n t a t i o n .
T h e  d i f f e r e n c e  b e t w e e n  p r o d u c t s  o f  f e r m e n t a t i o n  o f  I m p a l a ,  E x c e l l a ,
A c e  a n d  I n d u n a ,  w i t h  t h e  e x c e p t i o n  o f  I m p a l a  a n d  E x c e l l a  w e r e  a l s o  
s i g n i f i c a n t  a t  p <  . 0 0 0 1 .  T h e  l a t t e r  p a i r  w e r e  s i g n i f i c a n t l y  d i f f e r e n t  
a t  p <  . 0 1 .  B o t h  I m p a l a  a n d  E x c e l l a  h a v e  a  c l o s e  p H  a n d  a c i d i t y
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behaviour which should have contributed to similarity in 
acceptability.
An observation that was striking was that with all the products 
that were prepared during this study, none of them received an 
acceptibility score of 100%. This was more so when no starters 
were added to the ferments. Ting that was prepared from old 
fermenting pots (in which fermentation had been taking place for 
several weeks) and used as control, was the only product that 
received the maximum score. This leads to a hypothesis that as 
the fermentation proceeds, certain strains become predominant.
T h e s e  a r e  p r o b a b l y  t h e  s t r a i n s  t h a t  a r e  r e s p o n s i b l e  f o r  t h e  m o s t  
p r e f e r r e d  t a s t e  o f  t i n g  a n d  a c t  a s  s t a r t e r s  f o r  s u b s e q u e n t  
f e r m e n t a t i o n s .
I l l . A i d e d  f e r m e n t a t i o n s
a . T r a d i t i o n a l  m e t h o d
T h e  a d d i t i o n  o f  c a r r y - o v e r  f e r m e n t s  t o  f r e s h  m e a l  i n  o r d e r  t o  h a s t e n  
t h e  f e r m e n t a t i o n  i s  a  p r a c t i c a l  m e t h o d  w h e r e  s m a l l - s c a l e  f e r m e n t s  
a r e  p r e p a r e d  f o r  h o m e  c o n s u m p t i o n .  I n  s u c h  c a s e s ,  t h e  f e r m e n t i n g  
p o t  c a n  e a s i l y  b e  c a r r i e d  a r o u n d  t o  w a r m  a r e a s  e v e n  d u r i n g  t h e  c o l d  
s e a s o n s .  W h e r e  f e r m e n t a t i o n  i s  c a r r i e d  o u t  i n  l a r g e  q u a n t i t i e s  a s  
i s  t h e  c a s e  i n  i n s t i t u t i o n s  o t h e r  m e t h o d s  h a v e  t o  b e  u s e d  s i n c e  
t e m p e r a t u r e  c o n t r o l  i s  d i f f i c u l t .
b . A d d i t i o n  o f  a m y l a s e  t o  m e a l
U n g e r m i n a t e d  m a i z e  i s  c o m p o s e d  m a i n l y  o f  s t a r c h  a n d  d e x t r i n s .  I t  
i s  k n o w n  t o  h a v e  a  l o w  r e d u c i n g  s u g a r  c o n t e n t  c o m p o s e d  o f  l o w  
a m o u n t s  o f  g l u c o s e  a n d  f r u c t o s e .  T h e  h i g h e s t  a m o u n t  o f  s u g a r  i s  
m a d e  u p  o f  s u c r o s e ,  u n l e s s  t h e r e  h a s  b e e n  s o m e  m i c r o b i a l  a c t i v i t y  
o n  t h e  m e a l .  I n  t h e  a b s e n c e  o f  m i c r o b i a l  a c t i v i t y ,  o r g a n i s m s  
c a p a b l e  o f  f e r m e n t i n g  m a i z e  m e a l  w o u l d  h a v e  t o  b e  a b l e  t o  f e r m e n t  
t h e  a b o v e  s u g a r s ,  d e x t r i n  o r  s t a r c h .
I n  M RS b a s a l  m e d iu m ,  l a c t o b a c i l l i  f e r m e n t e d  g l u c o s e .  S u c r o s e  w a s  
f e r m e n t e d  b y  a l l  e x c e p t  L .  t r i c h o d e s  a n d  L .  b r e v i s .  T h e  o t h e r  l a c t i c
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a c i d  b a c t e r i a  a l s o  f e r m e n t e d  g l u c o s e  b u t  L .  m e s e n t e r o i d e s  f a i l e d  
t o  p r o d u c e  a c i d  f r o m  s u c r o s e .  T h e  y e a s t s  p r o d u c e d  a c i d  f r o m  g l u c o s e .  
T h e  o n l y  e x c e p t i o n  w a s  R h o d o t o r u l a ,  w h i c h  f a i l e d  t o  f e r m e n t  a n y  o f  
t h e  s u g a r s .  S u c r o s e  w a s  f e r m e n t e d  b y  S a c c h a r o m y c e s  s p p .  G l u c o s e  
w a s  a l s o  f e r m e n t e d  b y  t h e  E n t e r o b a c t e r  s p p . ,  K l e b s i e l l a  a e r o g e n e s ,
S . a u r e u s , S . a l b u s , M_. l u t e u s  a n d  B a c i l l u s  s p p .
A c i d  p r o d u c t i o n  w h e n  s t a r c h  w a s  t h e  o n l y  c a r b o n  s o u r c e  w a s  f o u n d  t o  
b e  l i m i t e d  t o  B a c i l l u s  s p p .  W h e n  d e x t r i n  w a s  u s e d  a s  a  c a r b o n  s o u r c e  
a  f e w  m o r e  o r g a n i s m s ,  i n c l u d i n g  L .  p l a n t a r u m , P .  a c i d i l a c t i c i , P ;  
c e r e v i s i a e  a n d  S_. f a e c a l i s  g a v e  f a i n t l y  p o s i t i v e  r e s u l t s .  A m y l o p e c t i n  
w a s  f e r m e n t e d  b y  B a c i l l u s  s p p .  a n d  E n t e r o b a c t e r  s p p . ,  w h i l e  a m y l o s e  
w a s  f e r m e n t e d  m a i n l y  b y  B a c i l l u s  s p p .
A m y l a s e  e x p e r i m e n t s
T h e  a d d i t i o n  o f  a l p h a  a n d  b e t a  a m y l a s e  t o  m a i z e  m e a l  w a s  d o n e  w i t h  
t h e  a s s u m p t i o n  t h a t  m a i z e  m e a l  h a d  a  l o w  s a c c h a r i f y i n g  p o w e r  a n d  
t h a t  b y  l i b e r a t i n g  m a l t o s e ,  b o t h  t h e s e  e n z y m e s  w o u l d  i n c r e a s e  t h e  
f e r m e n t a t i o n  r a t e .  I n  p r a c t i c e ,  t h e  e f f e c t  o n  f e r m e n t a t i o n  r a t e  w a s  
e i t h e r  a b s e n t  o r  m i n i m a l .  T h i s  s u g g e s t e d  t h a t  m a i z e  m e a l  i n  t h e  
s t a t e  t h a t  i t  c o m e s  i n  h a s  a  h i g h  s a c c h a r i f y i n g  p o w e r ,  p r o b a b l y  o f  
m i c r o b i a l  o r i g i n  a n d  t h a t  a d d i t i o n  o f  a m y l a s e  a t  t h e  l o w  c o n c e n t r a t i o n  
t h a t  w a s  u s e d ,  d i d  n o t  s e e m  t o  h a v e  m u c h  e f f e c t .
I t  w a s  n o t e d  t h a t  t h e  a d d i t i o n  o f  b o t h  a l p h a  a n d  b e t a  a m y l a s e  
i n c r e a s e d  t h e  d u r a t i o n  o f  g a s  e v o l u t i o n  d u r i n g  t h e  f e r m e n t a t i o n  o f  
m e a l .  T h i s  s u g g e s t e d  t h a t  t h i s  g a s  e v o l u t i o n  i n  n a t u r a l  f e r m e n t a t i o n  
p r o b a b l y  s t o p p e d  b e c a u s e  o f  d e p l e t i o n  o f  s u g a r s  w h i c h  w e r e  r e p l e n i s h e d  
w h e n  a m y l a s e  w a s  a d d e d .
T h e  l i m i t a t i o n  o f  t h e  a m y l a s e  e x p e r i m e n t s  w a s  t h a t  t h e  f e r m e n t a t i o n  
c o u l d  n e v e r  b e  d i r e c t e d  o w in g  t o  t h e  l a c k  o f  s e l e c t i v i t y  o f  t h i s  
p r o c e s s .  T h e  s l i g h t  i n c r e a s e  i n  s a c c h a r i f y i n g  p o w e r  o f  m e a l  w o u l d  
e n c o u r a g e  m e t a b o l i s m  o f  a l l  m i c r o o r g a n i s m s  p r e s e n t  i n  t h e  m e a l ,  
r e g a r d l e s s  o f  w h e t h e r  t h e y  p r o d u c e d  d e s i r a b l e  t i n g  f l a v o u r s .
T h i s  p r o c e s s  w a s  a l s o  t h o u g h t  t o  b e  v e r y  e x p e n s i v e  f o r  l a r g e - s c a l e  
a p p l i c a t i o n .  T h e  u s e  o f  s t a r t e r s  w a s  t h o u g h t  t o  b e  a  m o r e  p r a c t i c a l  w a y  
o f  c o n t r o l l i n g  t h e  f e r m e n t a t i o n .
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c • U s e  o f  s t a r t e r s  i n  f e r m e n t a t i o n  
S i n g l e  s t a r t e r s
Temperature played a very prominent role in controlling the rate 
of growth and pH change of the meal isolates when inoculated in 
irradiated meal broth. With the yeasts, maximum growth was observed 
between 20° and 37°C, but this was accompanied by a low rate of pH 
change suggesting that this group was made up of poor acid producers.
O n  t h e  o t h e r  h a n d ,  a  s i m i l a r  i n c r e a s e  i n  g r o w t h  o f  l a c t i c  a c i d  
b a c t e r i a ,  e s p e c i a l l y  t h e  l a c t o b a c i l l i  w a s  a s s o c i a t e d  w i t h  a  h i g h  
r a t e  o f  p H  c h a n g e .  T h e  r e s t  o f  t h e  o r g a n i s m s  w i t h  t h e  e x c e p t i o n  
o f  f l a v o b a c t e r i a  h a d  i n t e r m e d i a r y  g r o w t h  r a t e s  a n d  p H  c h a n g e s .
U s e  o f  s i n g l e  s t a r t e r s  i n  t h e  f e r m e n t a t i o n  o f  s t a r c h  c o m p o n e n t s
W h e n  t h e  s i n g l e  s t r a i n s  w e r e  a s s e s s e d  f o r  a b i l i t y  t o  p r o d u c e  a c i d  
f r o m  c o m p o n e n t s  o f  s t a r c h ,  i t  w a s  n o t e d  t h a t  t h e  l a c t o b a c i l l i  w h i c h  
w e r e  t h e  m o s t  e f f i c i e n t  a c i d  p r o d u c e r s  i n  t i n g ,  w e r e  u n a b l e  t o  f o r m  
a n y  a c i d  f r o m  s t a r c h ,  a m y l o s e ,  a m y l o p e c t i n  a n d  d e x t r i n .  T h e  o n l y  
e x c e p t i o n  w a s  L_. p l a n t a r u m  ,  w h i c h  p r o d u c e d  a c i d  f r o m  t h e  d e x t r i n  
u s e d .  I t  s h o u l d  b e  n o t e d ,  h o w e v e r ,  t h a t  t h i s  d e x t r i n  w a s  n o t  p u r e ,  
c o n t a i n i n g  s o m e  r e d u c i n g  s u g a r s .  O r g a n i s m s  t h a t  w e r e  c o n s i s t e n t  
i n  t h e i r  a c i d  p r o d u c t i o n  f o r  a l l  s t a r c h  c o m p o n e n t s  w e r e  t h e  m o u l d s ,  
B a c i l l u s  c e r e u s  a n d  t o  a  l e s s e r  e x t e n t ,  B a c i l l u s  s u b t i l i s .
T h i s  o b s e r v a t i o n  w a s  a n o t h e r  i n d i c a t i o n  t h a t  m a i z e  m e a l  h a s  e n o u g h  
r e d u c i n g  s u g a r s  t o  f a c i l i t a t e  f e r m e n t a t i o n .
P r o d u c t i o n  o f  t i n g  a r o m a  b y  s i n g l e  s t a r t e r s
I n  g e n e r a l ,  s o m e  o f  t h e  y e a s t s  s t u d i e d  s e e m e d  t o  p r o d u c e  t h e  d e s i r a b l e  
f l a v o u r s  a t  a  h i g h e r  a c c e p t a b i l i t y  r a t e  t h a n  t h e  o t h e r  o r g a n i s m s .
T h i s  w a s  o b s e r v e d  f r o m  t h e  n o t i c e a b l e  d i f f e r e n c e s  i n  t h e  s c o r e s  o f  
t h e  y e a s t s  a n d  t h o s e  o f  t h e  r e s t  o f  t h e  o t h e r  s t r a i n s .  T h e  d i f f e r e n c e s  
b e t w e e n  t h e  s c o r e s  o f  l a c t o b a c i l l i  a n d  t h e  E n t e r o b a c t e r  o r  b e t w e e n
t h e  t w o  s t r a i n s  o f  E n t e r o b a c t e r  w e r e  n o t  s t r i k i n g .  T h e s e  r e s u l t s
s u g g e s t  t h a t  t h e  y e a s t s  w e r e  o f  i m p o r t a n c e  i n  t h e  s t a r t e r s  s i n c e  
a  g r e a t  c o n t r i b u t i o n  t o  a c c e p t a b i l i t y  o f  a  f o o d  w a s  d e t e r m i n e d  b y
272
i t s  a r o m a .  Y e a s t s ,  i n c l u d i n g  S_. c e r e v i s i a e , h a v e  b e e n  s h o w n  t o  
p r o d u c e  f u s e l  a l c o h o l s ,  f a t t y  a c i d s  a n d  f a t t y  a c i d  e s t e r s  i n  
s i m i l a r  f e r m e n t a t i o n  p r o c e s s e s  ( S u o m a l a i n e n  e t  a l . ,  1 9 7 8 ) ,  a n d  
t h e s e  a r e  t h e  l a r g e s t  g r o u p  o f  a r o m a  c o m p o u n d s .  T h e y  a l s o  s h o w e d  
t h a t  w h i l e  v a r i o u s  y e a s t s  p r o d u c e  d i f f e r e n t  a m o u n t s  o f  v a r i o u s  
a r o m a  c o m p o u n d s ,  f o r  i n s t a n c e ,  £ L  c e r e v i s i a e  p r o d u c e s  s i g n i f i c a n t l y  
m o r e  o f  t h e  e s t e r s  t h a n  u v a r u m , a  m i x t u r e  o f  y e a s t s  c a n  g r e a t l y  
i n c r e a s e  t h e  a m o u n t  o f  e s t e r s  p r o d u c e d .  R h o d o t o r u l a ,  f o r  i n s t a n c e ,  
w a s  s h o w n  t o  i n c r e a s e  t h e  f o r m a t i o n  o f  i s o a m y l  a c e t a t e ,  w h i l e  a  
m i x t u r e  o f  w i l d  y e a s t s  a n d  b r e w e r ' s  y e a s t s  c a n  d o u b l e  t h e  a m o u n t  
o f  i s o a m y l  a c e t a t e  p r o d u c e d  b y  b r e w e r ' s  y e a s t  a l o n e .  T h e s e  f a c t o r s  
h e l p  t o  e x p l a i n  w h y  t h e  v a r i o u s  y e a s t s  i s o l a t e d  g a v e  s u c h  v a r y i n g  
r e s u l t s  o f  a r o m a  a c c e p t a b i l i t y .
O n e  o f  t h e  f a c t o r s  w h i c h  w a s  c o m m o n  w i t h  t h e  6  o r g a n i s m s  t h a t  
h a d  t h e  h i g h e s t  a r o m a  a c c e p t i b i l i t y  s c o r e  w a s  a  p r e s e n c e  o f  a c e t i c  
a c i d  a b o v e  . 0 4 % .  O t h e r  o r g a n i s m s  h a d  s i m i l a r  a m o u n t s  b u t  r e c e i v e d  
l o w e r  s c o r e s .  T h i s  s u g g e s t s  t h a t  s o m e  o t h e r  f a c t o r  m a y  b e  r e s p o n s i b l e  
f o r  t i n g  a r o m a  o f  t h e s e  s t r a i n s .  S i m i l a r  f a c t o r s  a s  h a v e  b e e n  
i n v e s t i g a t e d  b y  o t h e r  a u t h o r s  w h i c h  a r e  p r e s e n t  d u r i n g  t h e  f e r m e n t a t i o n  
o f  g r a i n s  b y  y e a s t s  m a y  b e  r e s p o n s i b l e .
P r o d u c t i o n  o f  t i n g  t a s t e  b y  s i n g l e  s t a r t e r s
W h i l e  t h e  a r o m a  e v a l u a t i o n  g a v e  r e l a t i v e l y  h i g h  s c o r e s ,  t h a t  o f  
t a s t e  h a d  n o t i c e a b l y  l o w e r  v a l u e s .  T h e  l a c t o b a c i l l i ,  w h i c h  w e r e  
a s s o c i a t e d  w i t h  a c i d  p r o d u c t i o n  r e c e i v e d  t h e  h i g h e s t  s c o r e s  
s u g g e s t i n g  t h a t  a  c e r t a i n  l e v e l  o f  p H  w a s  r e q u i r e d  f o r  t h e  p r o d u c t  
t o  b e  a c c e p t a b l e .  L .  f e r m e n t u m , w h i c h  i s  h e t e r o f e r m e n t a t i v e ,  h a d  a  
h i g h e r  s c o r e  t h a n  L .  p l a n t a r u m , p r o b a b l y  b e c a u s e  o f  t h e  h i g h e r  
v o l a t i l e  c o n t e n t  o f  t h e  f o r m e r  s t r a i n .
T h e  a b o v e  r e s u l t s  i n d i c a t e  t h e  i m p o r t a n c e  o f  a d d i t i o n  o f  b o t h  a  y e a s t  
a n d  a  L a c t o b a c i l l u s  a s  s t a r t e r  o r g a n i s m s  t o  p r o d u c e  a  p r o d u c t  t h a t  
w a s  a c c e p t a b l e .
I r r a d i a t e d  a n d  u n t r e a t e d  m a i z e  m e a l  a s  a  s u b s t r a t e  f o r  s t a r t e r - a i d e d  
f  e r m e n t a t i o n
T h e  i r r a d i a t i o n  o f  m a i z e  m e a l  d i d  n o t  h a v e  a  n o t i c e a b l e  e f f e c t  o n  
t h e  g r o w t h  r a t e s  o f  b o t h  l a c t o b a c i l l i  a n d  y e a s t s .  T h e  g r o w t h  c u r v e s  
o f  b o t h  g r o u p s  o f  o r g a n i s m s  w e r e  s i m i l a r  w h e n  t h e  s t a r t e r  w a s  
i n o c u l a t e d  i n t o  e i t h e r  i r r a d i a t e d  o r  u n t r e a t e d  m e a l .  I n  u n t r e a t e d  
m e a l ,  t h e  p r e s e n c e  o f  a n  i n i t i a l  i n o c u l u m  t h a t  i s  n o r m a l l y  p r e s e n t  
i n  t h i s  t y p e  o f  m e a l  f a i l e d  t o  g i v e  t h i s  p r o d u c t  a n  a d v a n t a g e  i n  
t e r m s  o f  n u m b e r s .  T h i s  m a y  h a v e  b e e n  d u e  t o  t h e  i n c r e a s e d  e f f e c t  o f  
c o m p e t i t i o n  i n  t h i s  p r o d u c t  d u e  t o  h i g h e r  n u m b e r s .  I n c l u s i o n  o f  
E n t .  c l o a c a e  i n  t h e  s t a r t e r  r e s u l t e d  i n  a  r a p i d  d e c l i n e  i n  n u m b e r s  o f  
t h i s  g r o u p  r e c o v e r e d  d u r i n g  f e r m e n t a t i o n .  T h e  e f f e c t  o f  d e c l i n e  i n  
p H  a n d  c o m p e t i t i o n  m a y  p l a y  a  l a r g e  r o l e  i n  t h i s  d e c l i n e .
T h e  d i s a d v a n t a g e  o f  t h e  a d d i t i o n  o f  E n t .  c l o a c a e  i n  t h e  s t a r t e r  
w a s  t h e  f o r m a t i o n  o f  s l i m y  m a t e r i a l ,  p r o b a b l y  f r o m  e x t r a c e l l u l a r  
p o l y s a c c h a r i d e s .  F o r  t h i s  r e a s o n ,  c o u p l e d  w i t h  t h e  f a c t  t h a t  i t s  
a d d i t i o n  d i d  n o t  c h a n g e  t h e  c a r b o x y l i c  a c i d  p a t t e r n ,  i t  w a s  e x c l u d e d  
f r o m  t h e  s t a r t e r s  i n  l a t e r  e x p e r i m e n t s .
E f f e c t i v e n e s s  o f  p a i r e d  s t a r t e r s  o v e r  a  r a n g e  o f  t e m p e r a t u r e
T h e  i n f l u e n c e  o f  t e m p e r a t u r e  o n  t h e  e f f e c t i v e n e s s  o f  v a r i o u s  p a i r e d  
s t a r t e r s ,  a s  s h o w n  b y  a c i d  p r o d u c t i o n  o r  p H  d e c l i n e ,  d e p e n d s  u p o n  
t h e  t y p e  o f  L a c t o b a c i l l u s  u s e d  i n  t h e  s t a r t e r .  W h e n  L_. p l a n t a r u m  
w a s  u s e d ,  t h e  e f f e c t  o f  t h e  s t a r t e r  w a s  m o s t  s i g n i f i c a n t  a t  1 5 ° C .
A s  t h e  t e m p e r a t u r e  r o s e ,  t h e  e f f e c t  o f  a d d i t i o n  o f  s t a r t e r  w a s  n o t  
s o  c l e a r .  L . f e r m e n t u m  a l l o w e d  f o r  a  g r e a t e r  e f f e c t i v e n e s s  b e t w e e n  
2 5 °  a n d  4 4 ° C .
W h i l e  t h e  a c c e p t a b i l i t y  o f  t h e  v a r i o u s  s t a r t e r - a i d e d  p r o d u c t s  v a r y  
w i t h  t e m p e r a t u r e ,  i t  i s  c l e a r  t h a t  f o r  a l l  s t a r t e r s  e x c e p t  S .  c e r e v i s i a e  
+  L .  p l a n t a r u m , t h e  1 5 ° C  f e r m e n t  w a s  s i g n i f i c a n t l y  i m p r o v e d  o v e r  
t h e  u n a i d e d  f e r m e n t  t h a t  g a v e  a  s c o r e  o f  0 % . T h e  2 0 °C  f e r m e n t  w a s  
i m p r o v e d  b y  a l l  6  s t a r t e r s  u s e d .  B e t w e e n  2 5 °  a n d  3 7 ° C ,  t h e  p r o d u c t s  
w h e r e  s t a r t e r s  h a d  b e e n  u s e d  h a d  s c o r e s  e i t h e r  s i m i l a r  o r  s l i g h t l y
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l e s s  t h a n  t h e  u n a i d e d  f e r m e n t s .  T h e  4 4 °C  p r o d u c t  w a s  i m p r o v e d  b y  
a d d i t i o n  o f  a l l  s t a r t e r s .  I t  i s  t h e r e f o r e  c l e a r  t h a t  t h e  e f f e c t  
o f  t h e  s t a r t e r  i s  m o s t  s i g n i f i c a n t  a t  1 5 ° ,  2 0 °  a n d  4 4 ° C .
T h e  a d v a n t a g e  o f  t h e  a d d i t i o n  o f  s t a r t e r s  a t  2 5 ° ,  3 0 °  a n d  3 7 ° C  i s  
t h a t  o f  r e d u c t i o n  i n  f e r m e n t a t i o n  t i m e .  T h e  u n a i d e d  f e r m e n t  
r e q u i r e d  a n  a d d i t i o n a l  2 4  h o u r s  o f  f e r m e n t a t i o n  t o  r e a c h  a  s c o r e  
s i m i l a r  t o  i t s  a i d e d  c o u n t e r p a r t .
A u t o c l a v e d  m e a l  a s  a  s u b s t r a t e  f o r  p a i r e d  s t a r t e r - a i d e d  f e r m e n t a t i o n
W h e n  a u t o c l a v e d  m e a l  w a s  i n o c u l a t e d  w i t l r  p a i r e d  s t a ' r t e r s  a n d  a l l o w e d  
t o  f e r m e n t ,  t i n g  t h a t  h a d  a  l o w  a c c e p t a b i l i t y  w a s  p r o d u c e d .  T h e  
h i g h e s t  s c o r e s  w e r e  52%  w h e r e  S .  c e r e v i s i a e  +  L .  p l a n t a r u m  o r  
C .  m y c o d e r m a  +  L . p l a n t a r u m  h a d  b e e n  a d d e d .  T h e  e f f e c t  o f  t h e  
t r e a t m e n t  o f  m a i z e  m e a l  b e f o r e  t h e  i n o c u l a t i o n  w a s  i n v e s t i g a t e d .  
A d d i t i o n  o f  e i t h e r  g l u c o s e  o r  m a i z e  m e a l  e x t r a c t  d i d  n o t  g r e a t l y  
i m p r o v e  t h e  p e r f o r m a n c e  o f  t h e  s t a r t e r s  i n  t h e  f e r m e n t a t i o n  o f  t i n g .
A  m a x im u m  a c c e p t a b i l i t y  o f  25%  w a s  r e a c h e d  w h e n  t h e  m e a l  e x t r a c t  
f e r m e n t  w a s  l e f t  t o  f e r m e n t  a t  3 7 ° C .  A d d i t i o n  o f  u p  t o  1% g l u c o s e  
h a s  r e s u l t e d  i n  a  f e r m e n t  w i t h  a n  a c c e p t a b i l i t y  o f  o n l y  10%  a f t e r  
f e r m e n t a t i o n  f o r  o v e r  7 2  h o u r s .  S u c h  r e s u l t s  s u g g e s t  t h a t  s o m e  t o x i c  
s u b s t a n c e s  c o u l d  b e  p r o d u c e d  d u r i n g  t h e  p r o c e s s  o f  a u t o c l a v i n g  m e a l .  
C l e a r l y ,  a u t o c l a v e d  m e a l  i s  n o t  a n  i d e a l  s u b s t r a t e  f o r  t h e  f e r m e n t a t i o n  
o f  t i n g .
E f f e c t  o f  a d d i t i o n  o f  s t a r t e r s  o n  t h e  f e r m e n t a t i o n  o f  n o r m a l ,  
i r r a d i a t e d  a n d  a u t o c l a v e d  m e a l
p H  a n d  a c i d i t y  c h a n g e s
W i t h  a l l  s t a r t e r s  u s e d ,  t h e r e  w a s  n o  d i f f e r e n c e  i n  p H  c h a n g e s  t h a t  
t o o k  p l a c e  w h e n  e i t h e r  i r r a d i a t e d  o r  n o r m a l  m e a l  h a d  b e e n  u s e d .
W h e n  a u t o c l a v e d  m e a l  w a s  u s e d ,  t h e  r a t e  w a s  r e d u c e d  g r e a t l y .  T h e  
m e t h o d  o f  t r e a t m e n t  o f  m e a l  a l s o  a f f e c t e d  t h e  p r o d u c t i o n  o f  c a r b o x y l i c  
a c i d s  b y  t h e  s t a r t e r s  d u r i n g  f e r m e n t a t i o n .  T h e  i r r a d i a t e d  m e a l  g a v e  
r i s e  t o  a  p r o d u c t  t h a t  h a d  a  l o w e r  v o l a t i l e  c o n t e n t  t h a n  n o r m a l  
m e a l .  A u t o c l a v e d  m e a l  r e s u l t e d  i n  a  p r o d u c t  t h a t  h a d  o n l y  t r a c e s  o f  
b o t h  v o l a t i l e s  a n d  n o n - v o l a t i l e s .  C l e a r l y ,  i n  a u t o c l a v e d  m e a l ,  t h e
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h e a t  t r e a t m e n t  h a d  t r a n s f o r m e d  t h e  m e a l  i n  s u c h  a  w a y  t h a t  t h e  g r o w t h  
o f  t h e  o r g a n i s m s  w a s  r e d u c e d ,  e i t h e r  d u e  t o  r e m o v a l  b y  h e a t  o f  s o m e  
n u t r i e n t s  o r  d u e  t o  f o r m a t i o n  o f  s o m e  t o x i c  p r o d u c t s .  G r o w t h  s t u d i e s  
o f  t h e  s t a r t e r  o r g a n i s m s  i n  a u t o c l a v e d  m e a l  s h o w e d  t h a t  t h e r e  
w a s  a  g e n e r a l  r e d u c t i o n  i n  p l a t e  c o u n t  b y  a t  l e a s t  o n e  l o g  u n i t  f o r  
t h e  l a c t o b a c i l l i  a n d  . 5  l o g  u n i t  f o r  t h e  y e a s t s .  R e m o v a l  o f  
r e d u c i n g  s u g a r s  b y  s u c h  r e a c t i o n s  a s  t h e  M a i l l a r d  r e a c t i o n  c o u l d  
h a v e  s u c h  a n  e f f e c t .  T h e  a d d i t i o n  o f  v a r i o u s  c o n c e n t r a t i o n s  o f  
g l u c o s e ,  h o w e v e r ,  d i d  n o t  g r e a t l y  a l t e r  t h e  f e r m e n t a t i o n  o f  a u t o ­
c l a v e d  m e a l  w h e n  m u l t i p l e  s t a r t e r s  w e r e  u s e d .  S u c h  a d d i t i o n s  
w o u l d  h a v e  r e p l a c e d  s u g a r s  r e m o v e d  f r o m  t h e  m e a l .  S i m i l a r l y ,  
w h e n  10%  o f  f i l t e r - s t e r i l i z e d  m e a l  e x t r a c t  w a s  a d d e d  t o  a u t o c l a v e d  
m e a l  p r i o r  t o  a d d i t i o n  o f  m u l t i p l e  s t a r t e r s ,  t h e r e  w a s  n o  s i g n i f i c a n t  
d i f f e r e n c e  i n  t h e  a c c e p t a b i l i t y  o f  t h e  p r o d u c t s  f o r m e d  t h e r e o f .  A  
p o s s i b i l i t y  t h a t  s o m e  s l i g h t l y  t o x i c  b y - p r o d u c t s  a r e  f o r m e d  d u r i n g  
t h e  a u t o c l a v i n g  p r o c e s s  c a n n o t  b e  o v e r r u l e d .
E f f e c t  o f  t r e a t m e n t  o f  m a i z e  m e a l  o n  t h e  a c c e p t a b i l i t y  o f  t i n g  
p r o d u c e d
N o r m a l  m e a l  r e s u l t e d  i n  a  p r o d u c t  t h a t  w a s  m o s t  a c c e p t a b l e .  T h i s  
w a s  f o l l o w e d  b y  a u t o c l a v e d  m e a l  a n d  l a s t l y ,  i r r a d i a t e d  m e a l .  W h e r e  
n o r m a l  m e a l  w a s  a d d e d ,  t h e  e f f e c t  o f  a d d i t i o n  o f  a n y  s t a r t e r  w a s  
n o t i c e d  b y  t h e  s e c o n d  d a y  o f  f e r m e n t a t i o n .  T h e  u n a i d e d  f e r m e n t  
t o o k  3 d a y s  t o  r e a c h  a n  a c c e p t a b i l i t y  o f  o v e r  6 0 % ,  w h i l e  c o r r e s p o n d i n g  
a i d e d  f e r m e n t s  h a d  t a k e n  1 t o  2 d a y s  t o  g i v e  t h e  s a m e  a c c e p t i b i l i t y  
s c o r e .  A n o t h e r  o b s e r v a t i o n  t h a t  w a s  m a d e  w i t h  n o r m a l  m e a l  w a s  t h a t  
t h e r e  w a s  g r e a t e r  v a r i a b i l i t y  i n  t h e  a c c e p t a b i l i t y  o f  v a r i o u s  
s t a r t e r s  t h a n  i s  t h e  c a s e  w h e n  a u t o c l a v e d  o r  i r r a d i a t e d  m e a l  w a s  
u s e d .  F o r  i n s t a n c e ,  o n  d a y  2 ,  t h e  a c c e p t a b i l i t y  o f  t h e  p r o d u c t  
f e r m e n t e d  w i t h  S . u v a r u m  a n d  L .  f e r m e n t u m  w a s  a l m o s t  d o u b l e  t h a t  o f
t h e  p r o d u c t  w h e r e  C . m y c o d e r m a  a n d  L . p l a n t a r u m  h a d  b e e n  u s e d .
V
T h e  l o w e r  a c c e p t a b i l i t y  o f  t h e  a u t o c l a v e d  p r o d u c t  w a s  c h i e f l y  
a t t r i b u t e d  t o  h i g h  p H .  T h e  m o s t  a c c e p t e d  p H  w a s  a r o u n d  3 . 5 ,  w h e r e a s  
w i t h  t i n g  p r o d u c e d  f r o m  a u t o c l a v e d  m e a l ,  t h e  p H  r a n g e d  f r o m  4 - 5 . 5 .
T h e  a b s e n c e  o f  n o t i c e a b l e  a m o u n t s  o f  v o l a t i l e  a c i d s  p r o b a b l y  
c o n t r i b u t e d  t o  t h e s e  l o w  s c o r e s ,  w h i c h  w e r e  a l m o s t  o n e - t h i r d  o f  
t h e  s c o r e s  f o r  n o r m a l  m e a l .
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T h e  i r r a d i a t e d  p r o d u c t  h a d  s c o r e s  t h a t  w e r e  l e s s  t h a n  1 / 6  o f  t h e  
n o r m a l  m e a l  p r o d u c t ,  d e s p i t e  t h e  f a c t  t h a t  i t s  p H  a n d  c a r b o x y l i c  
a c i d  p a t t e r n  w a s  q u i t e  s i m i l a r  t o  t h a t  o f  t h e  n o r m a l  m e a l .  M a i z e  
t i n g ,  n o r m a l l y ,  h a s  a  w h i t i s h ,  c r e a m i s h  c o l o u r .  I r r a d i a t e d  m e a l  
t i n g  h a d  a  y e l l o w i s h ,  b r o w n  c o l o u r .  T h i s  f a c t o r  w a s  t h e  f i r s t  
o b j e c t i o n  t h a t  t h e  j u d g e s  h a d  a b o u t  t h i s  p r o d u c t .  S e c o n d l y ,  t h e  
p r o d u c t  h a d ; - s u c h  s t r o n g  o f f - f l a v o u r s  t h a t  m o s t  j u d g e s  f o u n d  i t  
i n t o l e r a b l e .  T h i s  c h a n g e  i n  c o l o u r  o f  c a r b o h y d r a t e s  t h a t  a r e  
i r r a d i a t e d  i n  t h e i r  s o l i d  s t a t e  h a s  b e e n  p j ^ t e v i o u s l y  r e p o r t e d  
( W o l f r o m  e t  a l . , 1 9 5 9 ;  a n d  P h i l l i p s ,  1 9 6 1 )  a s  a n  i n d i c a t i o n  o f  
e x c i t a t i o n  o f  m o l e c u l e s  a n d  p o s s i b l e  f o r m a t i o n  o f  s t a b l e  f r e e  
I r g 4 i c a l  * O r g a n o l e p t i c  c h a n g e s  i n  t h e  f o o d  w e r e  a l s o  a s s o c i a t e d  
w i t h  t h e  s a m e  p r o c e s s  ( W o l f r o m  _et_ a l . , 1 9 5 9  a n d  G o r e s l i n e  e t  a l . ,
1 9 5 9 ) .  K e r t e s z  e t  a l . , 1 9 5 8 ,  r e p o r t e d  t h a t  w a x y  m a i z e  s t a r c h ,  w h i c h  
i s  c o m p o s e d  a l m o s t  e n t i r e l y  o f  a m y l o p e c t i n ,  t u r n e d  y e l l o w  w h e n  
i r r a d i a t e d  a t  4  M r a d .  I t  w a s  a l s o  f o u n d  t o  c o n t a i n  D - g l u c o s e  a n d  
o t h e r  d e g r a d a t i o n  p r o d u c t s .  T h e  i n c r e a s e  i n  r e d u c i n g  p o w e r  o f  s t a r c h  
w a s  p r o b a b l y  t h e  c a u s e  o f  t h e  r a p i d  d e c l i n e  i n  p H  a n d  t h e  i n c r e a s e  
i n  p l a t e  c o u n t  o f  t h e  s t a r t e r  o r g a n i s m s  i n  o u r  i r r a d i a t e d  m e a l  
f e r m e n t a t i o n .
Use of multiple starters in the fermentation 6f ting
T h e  e f f e c t  o f  m u l t i p l e  s t a r t e r s  c o n t a i n i n g  e q u a l  a m o u n t s  o f  £ .  c e r e v i s i a e , 
S .  u v a r u m , C .  m y c o d e r m a , L . p l a n t a r u m  a n d  L .  f e r m e n t u m  b r o t h  w h e n  
a s s e s s e d  o v e r  a  r a n g e  o f  t e m p e r a t u r e s  w a s  f o u n d  t o  b e  d e p e n d e n t  u p o n  
t h e  t e m p e r a t u r e  o f  f e r m e n t a t i o n .  T h e i r  u s e  a t  1 5 ° C  d i d  n o t  r e s u l t  
i n  a  h i g h l y - a c c e p t a b l e  p r o d u c t  e v e n  a f t e r  4  d a y s  o f  f e r m e n t a t i o n .
A  s c o r e  o f  10%  a s  o p p o s e d  t o  0% f o r  u n a i d e d  f e r m e n t a t i o n  w a s  a  
s l i g h t  i m p r o v e m e n t .  A l l  o t h e r  p r o d u c t s  e x c e p t  f o r  t h e  3 0 °  a n d  3 7 °  
f e r m e n t s  w e r e  n o t i c e a b l y  m o r e  a c c e p t a b l e  t h a n  t h e i r  u n a i d e d  c o u n t e r ­
p a r t s .  A t  3 0 °  a n d  3 7 ° C ,  t h e  d i f f e r e n c e  i n  t h e  f e r m e n t s  b e t w e e n  a i d e d  
a n d  u n a i d e d  p r o d u c t s  w a s  t h e  r e d u c t i o n  i n  f e r m e n t a t i o n  t i m e  w h e r e  
s t a r t e r s  h a d  b e e n  u s e d .  A t  b o t h  t e m p e r a t u r e s ,  s c o r e s  o f  7 5 - 8 0 %  w e r e  
r e a c h e d  w i t h i n  4 8  h o u r s  w h e r e  t h e  s t a r t e r s  h a d  b e e n  a d d e d .  C o r r e s p o n d i n g  
s c o r e s  i n  u n a i d e d  f e r m e n t s  w e r e  r e a c h e d  a f t e r  7 2  h o u r s .  T h e  e f f e c t  
o f  m u l t i p l e  s t a r t e r s  i s  t h e r e f o r e  q u i t e  s i m i l a r  t o  t h a t  o f  p a i r e d  
s t a r t e r s  i n  r e d u c i n g  t h e  f e r m e n t a t i o n  t i m e .
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CONCLUSION
T h e  f e r m e n t a t i o n  o f  m a i z e  m e a l  i n  t h e  p r o d u c t i o n  o f  t i n g  i s  a  c o m p le x  
p r o c e s s  d e p e n d i n g  o n  t e m p e r a t u r e  o f  f e r m e n t a t i o n ,  t h e  t y p e  o f  m a i z e  
m e a l  u s e d  a n d  o n  s t o r a g e  t i m e  o f  t h e  m e a l .  A  p r e d e t e r m i n e d  p r o d u c t
T h e  a c c e p t a b i l i t y  o f  t h e  p r o d u c t  a l s o  v a r i e s  d e p e n d i n g  o n  t h e  m e t h o d  
o f  p r e p a r a t i o n  o f  t i n g  t h a t  t h e  p e r s o n s  a r e  a c c u s t o m e d  t o .  W h e n  t i n g  
w a s  f e r m e n t e d  a t  v a r i o u s  t e m p e r a t u r e s ,  t h e  3 0 °C  f e r m e n t  c o n s i s t e n t l y  
r e c e i v e d  t h e  h i g h e s t  s c o r e .  C e r t a i n  p e r s o n s  p r e f e r r e d  t h e  s t r o n g  
3 7 ° C  f e r m e n t ,  w h i l e  o t h e r s  p r e f e r r e d  t h e  m i l d e r  p r o d u c t s .  P e r s o n s  
f r o m  a r e a s  w h e r e  m a i z e  m e a l  w a s  n o t  t r a d i t i o n a l l y  s o u r e d  t e n d e d  t o  
p r e f e r  t h e  m i l d  p r o d u c t s ,  w h i l e  t h o s e  p e o p l e  f r o m  a r e a s  w h e r e  f e r m e n t e d  
m e a l  w a s  t h e  s t a p l e  t e n d e d  t o  s c o r e  h i g h l y  t h e  s o u r  p r o d u c t s .
B e c a u s e  o f  t h e  t e m p e r a t u r e  f l u c t u a t i o n s  i n  B o t s w a n a ,  m e t h o d s  o f  
p r o d u c i n g  c o n s i s t e n t  p r o d u c t s  h a d  t o  b e  s o u g h t .  T h e  t r a d i t i o n a l  
m e t h o d  w h i c h  w a s  s u i t a b l e  w h e n  u s e d  o n  a  s m a l l  s c a l e  c o u l d  n o t  b e  
a d a p t e d  f o r  i n d u s t r i a l  p r o d u c t i o n  b e c a u s e  t h e  f l o r a  w a s  v a r i e d .  T h e  
a d d i t i o n  o f  a m y l a s e s  w a s  a l s o  n o t  s u i t a b l e ,  s i n c e  n o  s e l e c t i o n  o f  
t h e  d e s i r e d  o r g a n i s m s  w a s  p o s s i b l e .  T h i s  p r o c e s s  w a s  a l s o  t h o u g h t  
t o  b e  t o o  e x p e n s i v e .  T h e  u s e  o f  s t a r t e r s  i n  v a r i o u s  o t h e r  f e r m e n t a t i o n  
p r o d u c t s  h a d  b e e n  c a r r i e d  o u t  f o r  m a n y  y e a r s .  I n  t h e  p r e s e n t  s t u d y ,  
a  r e d u c t i o n  o f  2 4 - 4 8  h o u r s  i n  f e r m e n t a t i o n  t i m e  w a s  o b s e r v e d  w h e n  
s t a r t e r s  w e r e  u s e d .  B e s i d e s  r e d u c i n g  t h e  f e r m e n t a t i o n  t i m e  a n d  
p r o d u c i n g  p r e d e t e r m i n e d  p r o d u c t s ,  t h e  u s e  o f  s t a r t e r s  c o u l d  b e  v e r y  
c o n v e n i e n t .
In places like Botswana, where refrigeration was not widespread, it 
would not be possible to ferment the meal and distribute if in the 
fermented:'form owing to the high temperatures. A more practical 
approach would be to ferment the meal with starter under controlled 
conditions and later to spray-dry the fermented meal for destribution.
I n  t h i s  w a y ,  t h e  c o n s u m e r s  n e e d  o n l y  t o  r e c o n s t i t u t e  t h e  m e a l  t o  
p r o d u c e  t i n g .  B e c a u s e  t h e  p r o d u c t i o n  o f  s t a r t e r s  w a s  s o  t i m e - c o n s u m i n g ,  
p r e s e r v e d  s t a r t e r s  c o u l d  b e  u s e d .  S t a d h o u d e r s  e t  a l . ( 1 9 6 9 )  
h a v e  d e s c r i b e d  s e v e r a l  m e t h o d s  o f  p r e s e r v i n g  s t a r t e r s ,  i n c l u d i n g  
f r e e z i n g ,  f r e e z e - d r y i n g  a n d  s p r a y - d r y i n g .
i s  n o t  p o s s i b l e  b e c a u s e  o f  t h e  j o i n t  e f f e c t s  o f  a l l  t h e s e  f a c t o r s  (s e e
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Either of the 6 starters developed during the study could be used 
in the fermentation of ting. The difference between the scores of 
these various starter-aided products was not highly significant 
considering that the flora of the meal used as a substrate could 
vary.
To overcome any nutritional losses resulting from processing of 
maize into ting, the product could be enriched, for instance, with 
B-group vitamins in order that consumers might receive as much 
nourishment from this ting as they would from maize.
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HARRISON'S DISC METHOD (HARRIGAN ET AL. , 1976)
1 .  D r a w  a  c i r c l e  t h e  s i z e  o f  a  s t a n d a r d  p e t r i - d i s h  b a s e .
2 .  D r a w  t w o  d i a m e t e r s  a t  r i g h t  a n g l e s  t o  e a c h  o t h e r  ia n d  t w o  f u r t h e r  
d i a m e t e r s  a t  a n g l e s  o f  9 °  t o  t h e  f i r s t  p a i r .
( T h e  a r e a s  b e t w e e n  t h e  f i r s t  d i a m e t e r s  a n d  t h o s e  a t  9 °  f o r m  
f o u r  o p p o s i t e  s e c t o r s  a n d  c o n s t i t u t e  . 1  o f  t h e  t o t a l  a r e a .  A n  i d e a l  
p l a t e  s h o u l d  c o n t a i n  3 0  c o l o n i e s  i n  t h i s  a r e a ,  b u t  i n  p r a c t i c e ,  t h i s
n u m b e r  m i g h t  b e  t o o  g r e a t ,  s o  t h i s  a r e a  i s  f u r t h e r  d i v i d e d  i n t o  f o u r .
3 .  T h r e e  c o n c e n t r i c  c i r c l e s  w i t h  r a d i i  e q u a l  t o . 8 6 . 5 % ,  7 0 .7 %  a n d
50%  o f  t h e  r a d i u s  o f  t h e  d i s c  a r e  d r a w n  w i t h  t h e i r  c e n t r e s  a t  t h a t  o f
t h e  d i s c . T h i s  g i v e s  f o u r  e q u a l  a r e a s  i n  e a c h  o f  t h e  f o u r  s e c t o r s  
d e f i n e d  b y  t h e  o r i g i n a l  d i a m e t e r s .
( T o  a v o i d  t h e  n e c e s s i t y  f o r  s a m p l i n g  i n  t h e  s h a r p l y - p o i n t e d  a r e a  
a t  t h e  c e n t r e  o f  t h e  d i s c ,  a  f u r t h e r  c o n c e n t r i c  c i r c l e  i s  d r a w n  
h a v i n g  a  r a d i u s  o f  25%  o f  t h e  r a d i u s  o f  t h e  d i s c .  T h e  s h a r p l y - p o i n t e d  
a r e a  a t  t h e  c e n t r e  i s  t h e n  a b o l i s h e d  a n d  i t s  a r e a  a d d e d  a l o n g s i d e  t h e  
f o u r t h  a r e a ,  w h i c h  t h e n  b e c o m e s  r o u g h l y  r e c t a n g u l a r .
T h e  f o u r  a r e a s  t h u s  p r o d u c e d  i n  e a c h  s e c t o r  a r e  n u m b e r e d  1 - 4 ,  
b u t  i n  a  c h a n g i n g  s e q u e n c e  f o r  e a c h  s e c t o r ,  t h u s :  1 ,  2 ,  3 ,  4 ;
2 ,  3 ,  4 ,  1 ;  3 ,  4 ,  1 ,  2 ;  4 ,  1 ,  2 ,  3 .
F i r s t l y ,  a l l  c o l o n i e s  i n  a r e a s  m a r k e d  1 a r e  s e l e c t e d  f o r  
e x a m i n a t i o n  —  t h e n  2 ,  3 a n d  4 ,  o r  u n t i l  t h e  r e q u i r e d  n u m b e r  i s  
s e l e c t e d .
Appendix A
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DIFFERENTIAL CHARACTERS. OF REPRESENTATIVE STRAINS OF 
LACTOBACILLI ISOLATED FROM TING. TENTATIVE IDENTIFICATION:
301 - L. PLANTARUM; 42 - L. FERMENTUM; 56 0 - L. CELLOBIOSUS;
Appendix B
251 - L. LACTIS ; 340 Ii . B U C H N E R I ; 558 - L. T R I C H O D E S ;
497 - L. BREVIS
301 42 560 251 340 558 497
Growth at 15° + —  ' + + + + +
Growth at 45° - + - - - - -
CO2 from 
glucose - ++ + - + + +
Arginine hydro. - +- + - - 4* +*
Aesculin hydro. + - + + + ± +
Litmus milk R A - R R - R
Growth .1% Teepol ++ + + + + + +
Growth, 10% H—h ++alcohol
Growth, 4% NaCl + + + + + + +
Colony type S R s S S R S
N O T E ;  R  ( l i t m u s =  reduction 
A  » acid
r + pSv3
>' —  s m o o t h
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CARBOHYDRATE FERMENTATION BY SELECTED STRAINS OF LACTO­
BACILLI ISOLATED FROM TING. TENTATIVE IDENTIFICATION: 
301 “ L « PLANTARUM; 42 - L. FERMENTUM? 560 - L^ _ 
CELLOBIOSUS; 251 - L. LACTIS; 340 - L. BUCHNERI;
558 - L. TRICHODES * 497 - L. BREVIS
Appendix C
3 0 1 4 2 5 6 0 2 5 1 3 4 0 5 5 8 4 9 7
G l u c o s e A A A A A A A
L a c t o s e A - - - A - -
M a n n o s e A - A A A - A
T r e h a t o s e A - A - A - ~
A m y g d a l i n A - A - A - -
C e l l o b i o s e A - A - - - -
M e  l i b l o s e A A - - A A -
S o r b i t o l A - - - A - A
M a l t o s e A A A A A A A
R a f f i n o s e - A A A - -
G a l a c t o s e A A A A A A A
M e l e z i t o z e A - A - A - -
S t a r c h A - - - - -
S u c r o s e A A A A A - -
X y l o s e - A - - - A -
R h a m n o s e - - - - - - -
M a n n i t o l A - - - A - A
S a l i c i n A - - - A - -
A r a b i n o s e A A - - - A -
N O T E !  A  =■ acid
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DIFFERENTIAL CHARACTERS OF REPRESENTATIVE STRAINS OF 
LEUCONOSTOC, PEDIOCOCCI AND STREPTOCOCCI ISOLATED FROM 
TING. 194 - STREPTOCOCCUS FAECALIS ; 136 - PEDIOCOCCUS
ACIDILACTICI; 20 - PEDIOCOCCUS CEREVISIAE AND 
247 - LEUCONOSTOC MESENTEROIDES.
Appendix D
1 9 4 1 3 5 2 4 7 2 0
G r o w t h  a t  1 0 ° - - + -
G r o w t h  a t  4 0 ° i + - +
G r o w t h  a t  6 .5 %  N a C l ± + - +
G r o w t h  a t  p H  9 . 6 + + - +
S u r v i v a l  6 0 ° / 3 0  mm ± - - -
L i t m u s  m i l k R ± * - -
H a e m o l y s i s 3 - - -
A e s c u l i n  h y d r . + - + +
A r g i n i n e  h y d r . + - - -
R e d u c t i o n  o f  MB + - - -
D e x t r a n  f o r m a t i o n - - + + -
C 0 2  f r o m  g l u c o s e - - *4* -
NOTE: i *  =• s l i g h t l y  a c i d .
R ~  reduction
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CARBOHYDRATE FERMENTATION BY REPRESENTATIVE STRAINS OF 
LEUCONOSTOC, PEDIOCOCCI AND STREPTOCOCCI ISOLATED FROM 
TING. TENTATIVE IDENTIFICATION: 194 - STREPTOCOCCUS
FAECALIS; 136 - PEDIOCOCCUS ACIDILACTICI? 20 -
PEDIOCOCCUS CEREVISIAE; 247 - LEUCONOSTOC MESENTEROIDES.
Appendix E
194 136 247 20
A r a b i n o s e A - - A
G l y c e r o l A A - -
L a c t o s e A A - -
M a n n i t o 1 A - - -
R a f f i n o s e A - - -
G a l a c t o s e A - A -
S o r b i t o l A - - -
S u c r o s e A A - A
D e x t r i n A - - -
G l u c o s e A A A A
M a l t o s e A - A A
M a n n o s e A - A A
N O T E ;  A «  acid
Appendix F
CARBOHYDRATE FERMENTATION BY REPRESENTATIVE STRAINS OF 
YEASTS ISOLATED FROM TING. TENTATIVE IDENTIFICATION:
239 - S. ROUXII; 224 - S. CEREVISIAE; 79 ~
UVARUM} 367 - P. MEMBRANAEFACIENS; 428 - CU. MYCODERMA
AND 1 - R. RUBRA.
2 3 9 2 2 4 7 9 3 6 7 4 2 8 1
G l u c o s e A A G A G A G A -
L a c t o s e - - - - - -
R a f f i n o s e - - A - - -
M a l t o s e A A A - - -
C e l l o b i o s e - - - - - -
S u c r o s e - A A - - -
G a l a c t o s e - A A - - -
M e l i b l o s e - - A - - -
N O T E  t A =  acid 
G  —  gas
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CARBON AND NITROGEN ASSIMILATION REACTIONS OF REPRESENTATIVE 
STRAINS OF YEASTS ISOLATED FROM TING. 239 - S. ROUXII;
224 - S. CEREVISIAE; 79 - S. UVARUM; 367 - P. 
MEMBRANAEFACIENS; 428 - C. MYCODERMA AND 1 - R. RUBRA.
Appendix G
2 3 9 2 2 4 7 9 3 6 7 4 2 8 1
S u c r o s e + + - - - +
M a l t o s e + - - + - +
C e l l o b i o s e + - 4" - + -
E r y t h r i t o l - - - + - -
I n o s i t o l - - - - - -
L a c t o s e - - + - - -
E t h a n o l + + - + + + + +
G l u c o s e + + - + + + +
G a l a c t o s e + + - ± - +
R a f f i n o s e + + - - - -
M a n n i t o l + + - - - -
K NO L
3
- - - + - -
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DIFFERENTIAL CHARACTERS OF REPRESENTATIVE YEASTS ISOLATED 
FROM TING. TENTATIVE IDENTIFICATION: 239 - SACCHAROMYCES
ROUXII; 224 - SACCHAROMYCES CEREVISIAE; 79 - 
SACCHAROMYCES UVARUM; 367 - PICCHIA MEMBRANAEFACIENS; 
428 - CANDIDA MYCODERMA AND 1 - RHODOTORULA RUBRA.
Appendix H
2 3 9 2 2 4 7 9 3 6 7 4 2 8 1
G r o w t h  a t  3 7 ° C - + + + + +
G r o w t h  a t  6 0 %  g l u c o s e + + - *4* + -
P e l l i c l e  f o r m a t i o n - - - + + -
C o l o n y  a p p e a r a n c e
W h i t e
g l o s s y
W h i t e
g l o s s y
W h i t e
g l o s s y
R o u g h
d r y
R o u g h  P i n k  
s p r e a d i n g  g l o s s y
A s c o s p o r e  f o r m a t i o n + - + + - -
B a l l i s t o p o r e  f o r m a t i o n - - - - - -
A e s c u l i n  h y d r o l y s i s - - - + - -
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DIFFERENTIAL CHARACTERS OF REPRESENTATIVE STRAINS OF 
ENTEROBACTERIA ISOLATED FROM TING. 170 - KL. AEROGENES,
Appendix I
56 - ENT. CLOACAE, 160 - ENT. AEROGENES.
170 56 160
P i g m e n t  f o r m a t i o n - - -
M o t i l i t y - + +
O / F  t e s t F F F
M e t h y l  r e d - - -
V o g e s  P r o s k a u e r - - +
I n d o l e - - -
C i t r a t e  u t i l i z a t i o n + ++ ++
G e l a t i n  l i q u e f a c t i o n - - -
U r e a s e  p r o d u c t i o n + - -
M a l o n a t e  u t i l i z a t i o n + -
P h e n y l a l a n i n e  d e a m i n a s e - - -
N i t r a t e  r e d u c t i o n + + +
H 2 S f r o m  T S I - - -
L y s i n e  d e c a r b o x y l a s e + - +
O r n i t h i n e  d e c a r b o x y l a s e - + +
G l u c o n a t e  u t i l i z a t i o n + + +
A r g i n i n e  d i h y d r o l a s e - -
P r e s e n c e  o f  c a p s u l e s + + +
3 g a l a c t o s i d a s e + + +
N O T E !  F** fermentation
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CARBOHYDRATE FERMENTATION OF REPRESENTATIVE STRAINS OF 
ENTEROBACTERIA ISOLATED FROM TING. TENTATIVE IDENTIFICATION' 
170 - KLEBSIELLA AEROGENES; 56 - ENTEROBACTER CLOACAE 
160 - ENTEROBACTER AEROGENES
Appendix J
1 7 0 5 6 1 6 0
G l u c o s e A A A
L a c t o s e A - -
R h a m n o s e A A A
S o r b i t o l A A A
I n o s i t o l A - A
M a l t o s e A A A
D u l c i t o l - - -
T r e h a l o s e A A A
A r a b i n o s e A A A
X y l o s e A A A
S a l i c i n A A -
A d o n i t o l A -
----------------- C-----------------------
N O T E  ; As=acid
Appendix K
DIFFERENTIAL CHARACTERS OF REPRESENTATIVE STRAINS OF 
STAPHYLOCOCCI AND MICROCOCCI ISOLATED FROM TING. ~
168 “ M. LUTEUS; 206 - S. EPlMRMlbJS AND 63 -- S_. AUREUS.
1 6 8 2 0 6 6 3
G r o w t h  a t  1 0 ° C + + +
G r o w t h  a t  4 5 ° C + + +
G r o w t h  i n  5% N a C l + + +
G r o w t h  i n  15%  N a C l - + +
O / F  t e s t 0 F F
V P - - +
N i t r a t e  r e d u c t i o n - - +
G e l a t i n  l i q u e f a c t i o n + - +
U r e a s e  p r o d u c t i o n - + +
A r g i n i n e  d i h y d r o l a s e - + +
P h o s p h a t a s e  p r o d u c t i o n - - +
C o a g u l a s e  p r o d u c t i o n - - +
A e s c u l i n  h y d r o l y s i s - - +
S t a r c h  h y d r o l y s i s - - -
C a s e i n  h y d r o l y s i s + - -
L i p o l y s i s + - -
E g g  y o l k  r e a c t i o n - + +
H i p p u r a t e  h y d r o l y s i s - - -
P i g m e n t a t i o n Y e l l o w W h i t e W h i t e
A n a e r o b i c  g r o w t h - + +
N O T E  t O -  oxidative
F fermentative
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CARBOHYDRATE FERMENTATION BY REPRESENTATIVE STRAINS OF 
STAPHYLOCOCCI AND MICROCOCCI ISOLATED FROM TING. TENTATIVE 
IDENTIFICATION: 168 - MICROCOCCUS LUTEUS; 206 -
Appendix L
STAPHYLOCOCCUS BPlDBRMIP/S AND 63 - STAPHYLOCOCCUS AUREUS
168 206 63
G l u c o s e *A “ A A
L a c t o s e - *A A
M a l t o s e - A —
M a n n i t o l - A A
S u c r o s e - A A
X y l o s e - - A
A r a b i n o s e - - A
C e l l o b i o s e - - A
G a l a c t o s e - - A
G l y c e r o l - A A
R h a m n o s e - A -
S a l i c i n - - A
I n o s i t o l - - -
Raff i n o s e A - A
NO TE: *A  =  W e a k  r e a c t i o n .
A add
'Appendix M
DIFFERENTIAL CHARACTERS OF REPRESENTATIVE STRAINS OF 
BACILLUS SPP. ISOLATED FROM TING. 225 - B. SUBTILIS 
AND 207 - B. CEREUS.
2 2 5 2 0 7
M o t i l i t y + +
S p o r e  s h a p e X X
S p o r e  p o s i t i o n u u
G r o w t h  a t  4 5 °C + +
G r o w t h  i n  7% N a C l + +
C i t r a t e  u t i l i z a t i o n + +
V P + +
G e l a t i n  h y d r o l y s i s + +
S t a r c h  h y d r o l y s i s + +
N i t r a t e  r e d u c t i o n + +
C a s e i n  h y d r o l y s i s + +
U r e a s e  p r o d u c t i o n + +
L e c i t h i n a s e  a c t i v i t y - +
O / F F F
G r o w t h  a t  6 5 ° F - -
I n d o l e - -
H a e m o l y s i s + +
A n a e r o b i c  g r o w t h i +
L i t m u s  m i l k -
+ +
P e p t o n i z a t i o n
C O ^ f r o m  g l u c o s e ± -
N o t e s :  X  ® c y  I i n d r  l e a l
(J =  c e n t r a l
CARBOHYDRATE FERMENTATION BY REPRESENTATIVE SPECIES OF 
BACILLUS SPP. ISOLATED FROM TING. TENTATIVE 
IDENTIFICATION: 225 - BACILLUS SUBTILIS AND 207 -
CEREUS.
Appendix N
225 207
G l u c o s e  A  A
A r a b i n o s e  A
M a n n i t o l  A
X y l o s e  A
L a c t o s e
N O T E :  A =  acid
Appendix 0
DIFFERENTIAL CHARACTERS OF REPRESENTATIVE SPECIES OF 
FLAVOBACTERIUM SPP. ISOLATED FROM TING. (NO CARBOHYDRATE 
FERMENTATION WAS OBSERVED.) TENTATIVE IDENTIFICATION: 
36 - FLAVOBACTERIUM GROUP O; 430 - FLAVOBACTERIUM GROUP A.
36 430
P i g m e n t Y e l l o w Y e l l o w
M o t i l i t y +
O/F - -
N i t r a t e  r e d u c t i o n 4* +
G e l a t i n  l i q u e f a c t i o n - -
I n d o l e - -
MR - -
C i t r a t e  u t i l i z a t i o n - -
U r e a s e - -
P h o s p h a t a s e + -
S t a r c h  h y d r o l y s i s - -
L i p o l y s i s - -
P P A - -
A r g i n i n e  h y d r o l y s i s - -
R^S  p r o d u c t i o n - -
C a s e i n  h y d r o l y s i s + -
L y s i n e  d e c a r b o x y l a s e - -
L i t m u s  m i l k  ( r e d u c t i o n ) - -
L i t m u s  m i l k  ( p r o t e o l y s i s ) + -
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CODE FOR STARTER ORGANISMS 
3 0 1  -  L a c t o b a c i l l u s  p l a n t a r u m
Appendix P
L a c t o b a c i l l u s f e r m e n t u m
S a c c h a r o m y c e s c e r e v i s i a e
4 2 8  -  C a n d i d a  m y c o d e r m a  
7 9  -  S a c c h a r o m y c e s  u v a r u m
S t a r t e r  A  -  2 2 4  +  3 0 1
S t a r t e r  B -  2 2 4  +  4 2
S t a r t e r  C -  4 2 8  +  3 0 1
S t a r t e r  D  -  4 2 8  +  4 2
S t a r t e r  E  -  7 9  +  3 0 1
S t a r t e r  F  -  7 9  + 4 2
S t a r t e r  G -  2 2 4  +  4 2 8  +  7 9  +  3 0 1  +  4 2
LIST OF ORGANISMS ISOLATED FROM TING
Appendix Q
301 Lactobacillus plantarum
42 Lactobacillus fermentum
560 Lactobacillus cellobiosus
251 Lactobacillus lactis
340 Lactobacillus buchneri
558 Lactobacillus trichodes
497 Lactobacillus brevis
194 Streptococcus faecalis
136 Pediococcus acidilactici
20 Pediococcus cerevisiae
2 Leuconostoc mesenteroides
239 Saccharomyces rouxii
224 Saccharomyces cerevisiae
79 Saccharomyce s uvarum
367 Pichia membranaefac ieus
428 Candida mycoderma
1 Rhodotorula rubra
170 K l e b s i e l l a  a e r o g e n e s
160 E n t e r o b a c t e r  a e r o g e n e s
56 E n t e r o b a c t e r  c l o a c a e
63 Staphylococcus aureus
206 Staphylococcus epidermidis
168 Micrococcus luteus
225 Bacillus subtilis
207 Bacillus cereus
430
36
F l a v o b a c t e r i u m  G r o u p  A  
F l a v o b a c t e r i u m  G r o u p  O
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e s c u l e n t a  C r a n t z )  , J .  Pcsdd. S c i . ,  4 4 ,  1 5 7 0 - 1 5 7 1 .
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N i v e n ,  C . F . , K . L .  S m i l e y  a n d  J . M .  S h e r m a n  ( 1 9 4 2 )  T h e  h y d r o l y s i s  o f  
a r g i n i n e  b y  s t r e p t o c o c c i ,  J  B a c t e r i o l . ,  4 3 ,  6 5 1 - 6 6 0 .
N o v e l l i e ,  L .  ( 1 9 6 8 )  K a f f i r  b e e r  b r e w i n g .  A n c i e n t  a r t  a n d  m o d e r n  
i n d u s t r y ,  W a l l e n s t e i n  L a b .  C o m m u n . ,  3 1 ,  1 7 - 3 2 .
O b e r h o f e r ,  T . R .  a n d  W . C .  F r a z i e r  ( 1 9 6 1 )  C o m p o s i t i o n  o f  S t a p h y l o c c o c u s  
a u r e u s  w i t h  o t h e r  o r g a n i s m s ,  J .  M i l k  F o o d  T e c h . ,  2A_, 1 7 2 - 1 7 5 .
O ' D e l l ,  B . L . ,  A . R .  d e  B o l a n d  a n d  S . R .  K o i r t y o c h e n  ( 1 9 7 2 )  D i s t r i b u t i o n  
o f  p h y t a t e  a n d  n u t r i t i o n a l l y  i m p o r t a n t  e l e m e n t s  a m o n g  t h e  
m o r p h o l o g i c a l  c o m p o n e n t s  o f  c e r e a l  g r a i n s ,  J .  A g r i c .  F o o d  
C h e m . , 2 0 ,  7 1 8 - 7 2 1 .
O f o s u ,  A .  ( 1 9 7 1 )  C h a n g e s  i n  t h e  l e v e l s  o f  n i a c i n  a n d  l y s i n e  d u r i n g  
t h e  t r a d i t i o n a l  p r e p a r a t i o n  o f  k e n k e y  f r o m  m a i z e  g r a i n ,  G h a n a  
J .  A g r i c .  S c i . ,  _4, 1 5 3 - 1 5 8 .
O k e ,  O . L .  ( 1 9 6 7 )  C h e m i c a l  s t u d i e s  o n  t h e  N i g e r i a n  f o o d s t u f f  o g i .
F o o d  T e c h n o l . ,  2 1 , 2 0 2 - 2 0 4 .
O l a t u n j i ,  . 0 . ,  C .  E d w a r d s  a n d  A . O .  K o l e s o  ( 1 9 8 0 )  P r o c e s s i n g  o f
m a i z e  a n d  s o r g h u m  i n  N i g e r i a  f o r  h u m a n  c o n s u m p t i o n ,  J *  fo'cd .  
T e c h .  , J J 5 ,  8 5 - 9 2 .
O s b o r n e ,  T . B .  a n d  S . H .  C l a p p  ( 1 9 0 7 )  H y d r o l y s i s  o f  t h e  p r o t e i n s  
o f  m a i z e ,  Z e a  M a y s , Am-, „ J ,  , P h y s i o l . ,  20_, 4 7 7 - 4 9 3 .
O v e r m a n ,  A .  a n d  J . C .  L i  ( 1 9 4 8 )  D e p e n d a b i l i t y  o f  f o o d  j u d g e s  a s  
i n d i c a t e d  b y  a n  a n a l y s i s  o f  s c o r e s  o f  a  f o o d - t a s t i n g  p a n e l ,  
F o o d  R e s ,  , 1 3 ,  4 4 1 - 4 4 9 .
P a t w a r d h a n ,  V . N .  ( 1 9 2 9 )  A m y l a s e  f r o m  Z e a  m a y s , J". I n d i a n  I n s t .  
S c i . ,  A 1 2 ,  1 8 5 - 1 9 0 .
P a t w a r d h a m ,  V . N .  a n d  R . V .  N o r r i s  ( 1 9 2 8 )  S t u d i e s  i n  e n z y m e  a c t i o n .  
I .  A m y l a s e  f r o m  c h o l a m  ( S o r g h u m  v u l g a r e ) , I n d i a n  I n s t .
S c i . ,  A l l ,  1 2 1 - 1 3 3 .  ~
P e d e r s o n ,  C . S .  a n d  M . N .  A l b u r y  ( 1 9 5 0 ) .  E f f e c t  o f  t e m p e r a t u r e  u p o n  
b a c t e r i o l o g i c a l  a n d  c h e m i c a l  c h a n g e s  i n  f e r m e n t i n g  c u c u m b e r s ,  
H e  T k  S t a t e  A g r i c .  E x p t .  S t a .  B u l l . ,  7 4 4 .
P e d e r s o n ,  C . S .  ( 1 9 7 1 ) ,  M i c r o b i o l o g y  o f  f o o d  f e r m e n t a t i o n s ,  A v i  
P u b l i s h i n g  C o . , C o n n e c t i c u t .
P e d e r s o n ,  C . S .  ( 1 9 4 9 )  T h e  G e n u s  P e d i o c o c c u s ,  B o t h e r R e v . , 1 3 ,  2 2 5 -  
2 3 2 .
P e d e r s o n ,  C . S . ,  M . N .  A l b u r y  a n d  R . S .  B r e e d  ( 1 9 5 4 )  P e d i o c o c c u s
c e r e v i s i a e , t h e  b e e r  s a r c i n a ,  W a l l e n s t e i n  L a b .  C o m m u n ,  1 7 , 
7 - 1 7 .
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P h i l l i p s ,  G . O .  ( 1 9 6 1 )  R a d i a t i o n  c h e m i s t r y  o f  c a r b o h y d r a t e s ,  A d v .  
i n  C a r b o h y d r ;  C h e m . ,  ± 6 ,  1 3 - 5 8 .
P l a t t ,  B . S .  ( 1 9 6 4 )  I m p r o v e m e n t  o f  t h e  n u t r i t i v e  v a l u e  o f  f o o d  a n d  
d i e t a r y  r e g i m e s  b y  b i o l o g i c a l  a g e n c i e s ,  F o o d  T e c h n o l . ,  1 8 ,
6 6 2 - 6 . 7 0 .
P l a t t ,  B . S .  ( 1 9 5 5 )  S o m e  t r a d i t i o n a l  a l c o h o l i c  b e v e r a g e s  a n d  t h e i r
i m p o r t a n c e  i n  . i n d i g e n o u s  A f r i c a n  c o m m u n i t i e s ,  P r o c .  N u t r .  S o c . ,
_ 1 4 , 1 1 5 - 1 2 2 .
P l a t t ,  W . ( 1 9 3 1 )  R a t i o n a l  m e t h o d s  o f  s c o r i n g  f o o d  p r o d u c t s ,  F o o d  
I n d  . , 3, 1 0 8 - 1 1 1 .
P r i d h a m ,  J . B .  ( e d . )  ( 1 9 7 3 )  P l a n t  c a r b o h y d r a t e  b i o c h e m i s t r y ,  P r o c .
P h y t o c h e m .  S o c .  S y m . , H e r i o t  W a t t  U n i v e r s i t y ,  E d i n b u r g h .
P r i e s t ,  F . G . ,  M . A .  C o w b o u r n e  a n d  J . S .  H o u g h  ( 1 9 7 4 )  W o r t  e n t e r o b a c t e r i a  - -  
A  R e v i e w ,  J .  I n s t .  B r e w . ,  8 0 ,  3 4 2 - 3 5 3 .
Q a s e m ,  S . A .  a n d  C . M .  C h r i s t e n s e n  ( 1 9 5 8 )  I n f l u e n c e  o f  m o i s t u r e  c o n t e n t ,  
t e m p e r a t u r e  a n d  t i m e  o n  t h e  d e t e r i o r a t i o n  o f  s t o r e d  c o r n  b y  
f u n g i ,  P h y t o p a t h o l , ^  4 8 ,  5 4 4 - 5 4 9 .
Q a s e m ,  S . A .  a n d  C . M .  C h r i s t e n s e n  ( I 9 6 0 )  I n f l u e n c e  o f  v a r i o u s  f a c t o r s  
o n ,  t h e  d e t e r i o r a t i o n  o f  s t o r e d  c o r n  b y  f u n g i ,  P h y t o p a t h o j .  5 0 ,  
7 0 3 - 7 0 9 .  '
R o b i n s o n ,  R . J . ,  T . H .  L o r d ,  J . A .  J o h n s o n  a n d  B . S .  M i l l e r  ( 1 9 5 8 )  S t u d i e s  
o n  t h e  d e c r e a s e  o f  t h e  b a c t e r i a l  p o p u l a t i o n  i n  p r e - f e r m e n t s ,
C e r e a l  C h e m . ,  _3_5, 3 0 6 - 3 1 7 .
R o e s s l e r ,  E . B . ,  J .  W a r r e n  a n d  J . F .  G u y m a n  ( 1 9 4 8 )  S i g n i f i c a n c e  i n  
t r i a n g u l a r  t a s t e  t e s t s , F o o d  R e s . ,  ± 3 ,  5 0 3 - 5 0 5 .
R o g o s a ,  M .  a n d  M . E .  S h a r p e  ( 1 9 5 9 )  A n  a p p r o a c h  t o  t h e  c l a s s i f i c a t i o n  
o f  t h e  l a c t o b a c i l l i ,  J .  A p p l . B a d e n  ol.  ^ 2 2 ,  3 2 9 - 3 4 0 .
S c h w e i g a r t ,  F .  a n d  S . A .  F e l l i n g h a m  ( 1 9 6 3 )  A  s t u d y  o f  f e r m e n t a t i o n  
i n  t h e  p r o d u c t i o n  o f  m a h e w u ,  a n  i n d i g e n o u s  s o u r  m a i z e  b e v e r a g e  
o f  S o u t h e r n  A f r i c a ,  M i l c h w i s s e n s c h a f t , ± 3 ,  2 4 1 - 2 4 6 .
S c h w e i g a r t ,  F .  ( 1 9 7 1 )  T h e  d r y i n g  o f  l a c t i c  a c i d  b a c t e r i a  c u l t u r e s  
f o r  M a h e w u  p r o d u c t i o n ,  L e b e n s m .  W i s s .  u .  T e c h n o l . ,  4_, 2 0 - 2 3 .
S h a w ,  C .  a n d  P . H .  C l a r k  ( 1 9 5 5 )  B i o c h e m i c a l  c l a s s i f i c a t i o n  o f  P r o t e i n s  
a n d  P r o v i d e n c e  c u l t u r e s ,  J a G e n .  M i c r o b i o l . ,  JL3_, 1 5 5 - 1 6 1 .
S h e r m a n ,  J . M .  ( 1 9 3 7 )  T h e  S t r e p t o c o c c i . ,  B a c t e r i o l .  R e v ;  _1, 3 - 9 7 .
S h i b a s a k i ,  K .  a n d  C . W .  H e s s e l t i n e  ( 1 9 6 2 )  M i s o  f e r m e n t a t i o n ,  E c o n - .
B o t .  1 6 ,  1 8 0 - 1 9 5 .
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S h o t w e l l ,  O . L . , C . W .  H e s s e l t i n e ,  H . R .  B u r m e i s t e r ,  W . F .  K w o l e k ,
G . M .  S h a n n o n  a n d  H . H .  H a l l  ( 1 9 6 9 )  S u r v e y  o f  c e r e a l  g r a i n s  a n d  
s o y b e a n s  f o r  t h e  p r e s e n c e  o f  a f l a t o x i n s .  I I .  C o r n  a n d  s o y b e a n s ,  
C e r e a l  C h e m . ,  46_, 4 5 4 - 4 6 3 .
S h o t w e l l ,  O . L . ,  C . W .  H e s s e l t i n e ,  E . E .  V a n d e g r a f t  a n d  M . L .  G o u l d e r  
( 1 9 7 1 )  S u r v e y  o f  c o r n  f r o m  d i f f e r e n t  r e g i o n s  f o r  a f . l a t o x i n ,  
o c h r a t o x i n  a n d  z e a r a l e n o n e ,  C e r e a l  S c i .  T o d a y ,  _1 6 ,  2 6 6 - 2 7 3 .
S h o t w e l l ,  O . L . ,  C . W .  H e s s e l t i n e  a n d  M . L .  G o u l d e r  ( 1 9 7 3 )  I n c i d e n c e  
o f  a f l a t o x i n  i n  S o u t h e r n  c o r n ,  1 9 6 9 - 1 9 7 0 .  C e r e a l  S c i .  T o d a y ,
1 8 , 1 9 2 - 1 9 5 .
S m i t h ,  G .  ( 1 9 6 9 )  A n  i n t r o d u c t i o n  t o  i n d u s t r i a l  m y c o l o g y ,  6 t h  e d n . ,  
E d w a r d  A r n o l d ,  L o n d o n .
S m i t h ,  N . R .  a n d  F . E .  C l a r k  ( 1 9 3 7 )  A  p r o p o s e d  g r o u p i n g  o f  t h e
m e s o p h i l i c  a e r o b i c ,  s p o r e - f o r m i n g  b a c i l l i ,  S o i l  S c i .  S o c .  A m .
P r o c . ,  2_, 2 5 5 .
S m i t h ,  N . R . ,  R . E .  G o r d o n  a n d  F . E .  C l a r k  ( 1 9 5 2 )  A e r o b i c  s p o r e
f o r m i n g  b a c t e r i a ,  U . S .  D e p a r t m e n t  o f  A g r i c .  M o n o g r a p h  N o .  1 6 .
S o l b e r g ,  O .  a n d  O . G .  C l a u s e n  ( 1 9 7 3 )  V i t a m i n  r e q u i r e m e n t s  o f  c e r t a i n  
P e d i o c o c c i  i s o l a t e d  f r o m  b r e w e r y  p r o d u c t s ,  J ,  I n s t .  B r e w . ,
7 9 , 2 3 1 - 2 3 7 .
S t a d h o u d e r s , J . , L . A . J a n s e n  a n d  G .  H u p  ( 1 9 6 9 )  P r e s e r v a t i o n  o f
s t a r t e r s  a n d  m a s s  p r o d u c t i o n  o f  s t a r t e r  b a c t e r i a ,  N e t h e r l a n d s  
M i l k  D a i r y  J .  2 3 ,  1 8 2 - 1 9 9 .
S t a m e r ,  J . R .  ( 1 9 6 8 )  F e r m e n t a t i o n  o f  v e g e t a b l e s  b y  l a c t i c  a c i d
b a c t e r i a ,  P r o c .  F r o n t i e r s  i n  F o o d  R e s e a r c h ,  N .  Y .  S t a t e  A g r i c .
E x p .  S t a . , 4 6 - 5 3  ( G e n e v a ,  N . Y . ) .
S t a n t o n ,  W . R .  a n d  A .  W a l l b r i d g e  ( 1 9 6 9 )  F e r m e n t e d  f o o d  p r o c e s s e s ,
P r o c e s s  B i o c h e m i s t r y ,  A p r i l  1 9 6 9 .
S t e i n k r a u s ,  K . H . ,  Y . B .  H w a ,  J . P .  V a n  B u r e n ,  M . I .  P r o v i d e n t i  a n d
D . B .  H a n d  ( 1 9 6 0 ) .  S t u d i e s  o f  t e m p e h  -  a n  I n d o n e s i a n  f e r m e n t e d  
s o y b e a n  f o o d ,  F o o d  R e s . ,  _ 2 5 ,  7 7 7 - 7 8 8 .  I
S t e i r ,  T . J . B .  a n d  J . N .  S t a n n a r d  ( 1 9 3 6 )  A  k i n e t i c  a n a l y s i s  o f  t h e  
e n d o g e n o u s  r e s p i r a t i o n  o f  b a k e r ' s  y e a s t ,  J .  G e n .  P h y s i o l . ,
i i?  461-
S t e l l i n g - D e k k e r , N . M .  ( 1 9 3 1 ^  D i e  s p o r o g e n  H e f e n ,  D e
K o n i n k l i j k e  A k a d e m i e  v a n  W e t e n s c h a p p e n , A m s t e r d a m .  b y  C vaV ram  ;V £ .
’ S t u d i e s  o n  f i l m  -  ^eASVS.’ C a n .  R es .   ^ f X S I  -  ,
S u o m a l a i n e n ,  H .  a n d  M .  L e h t o n e n  ( 1 9 7 8 )  T h e  p r o d u c t i o n  o f  a r o m a  
c o m p o u n d s  b y  y e a s t s ,  J„ I n s t .  B r e w . ,  1 4 9 - 1 5 6 .
T a y l o r ,  M . W .  ( 1 9 8 0 )  P r i v a t e  c o m m u n i c a t i o n .
T o n g n u a l , P .  a n d  M . L .  F i e l d s  ( 1 9 7 9 )  F e r m e n t a t i o n  a n d  R N V  o f  r i c e  
m e a l  a n d  c h i p s ,  J .  F o o d .  S c i .  , 44_, 1 7 8 4 - 1 7 8 5 .
308
T r o l l e r ,  J . A .  a n d  W . C .  F r a z i e r  ( 1 9 6 3 )  R e p r e s s i o n  o f  S .  a u r e u s  
b y  f o o d  b a c t e r i a .  I .  E f f e c t  o f  e n v i r o n m e n t a l  f a c t o r s  o n  
i n h i b i t i o n ,  A p p l .  M i c r o b i o l . ,  _1_1, 1 1 - 1 4 .
T s a i ,  C . Y . ,  A .  D a l b y  a n d  R . A .  J o n e s  ( 1 9 7 5 )  L y s i n e  a n d  t r y p t o p h a n
i n c r e a s e s  d u r i n g  g e r m i n a t i o n  o f  m a i z e  s e e d ,  C e r e a l  C h e m . ,  5 2 , 
3 5 6 .
T u i t e ,  J . F .  ( 1 9 6 1 )  F u n g i  i s o l a t e d  f r o m  u n s t o r e d  c o r n  s e e d  i n
I n d i a n a  i n  1 9 5 6 - 1 9 5 8 ,  P l a n t  D i s  * R e p .  f 4_5, 2 1 2 - 2 1 5 .
T u i t e ,  J .  a n d  G . H .  F o s t e r  ( 1 9 6 3 )  E f f e c t  o f  a r t i f i c i a l  d r y i n g  o n
t h e  h y g r o s c o p i c  p r o p e r t i e s  o f  c o r n ,  C e r e a l  C h e m . ,  4 0 ,  6 3 0 - 6 3 7 .
U l l o a ,  S . C .  a n d  M .  U l l o a  ( 1 9 7 3 )  A l i m e n t o s  f e r m e n t a d o s  d e  m a i z
c o n s u m i d o s  e n  M e x i c o  y  o t r o s  p a i s e s  L a t i n o a m e r i c a n o , R e v i s t a  
d e  l a  S o c i e d a d  M e x i c a n a  d e  H i s t o r i a  N a t u r a l ,  J 3 4 ,  4 2 3 - 4 5 7 .
U m o h ,  V .  a n d  M .  F i e l d s  ( 1 9 8 1 )  F e r m e n t a t i o n  o f  c o r n  f o r  N i g e r i a n  
a g i d i ,  J .  F o o d  S c i . ,  _ 4 6 ,  9 0 3 - 9 0 5 .
U n d e r k o f l e r ,  L . A . ,  S e v e r s o n ,  G . M . , G o e r i n g ,  K . J .  a n d  L . M .
C h r i s t e n s e n  ( 1 9 4 7 )  C o m m e r c i a l  p r o d u c t i o n  a n d  u s e  o f  m o l d  
b r a n ,  C e r e a l  C h e m . ,  _24_, 1 - 2 2 .
U r o m a ,  E .  a n d  O . E .  V i r t a n e n  ( 1 9 4 7 )  A n t i b i o t i c s  o f  y e a s t s ,  A n n .  
M e d .  E x p .  e t  B i o l .  -  F e n n i a e  H e l s i n k i ,  2 5 ,  3 6 - 4 7 .
V a n d e g r a f t ,  E . E . ,  C . W .  H e s s e l t i n e  a n d  O . L .  S h o t w e l l  ( 1 9 7 5 )  G r a i n
p r e s e r v a t i v e s :  E f f e c t  o n  a f l o t o x i n  a n d  o c h r a t o x i n  p r o d u c t i o n ,
C e r e a l  C h e m . ,  5 2 , 7 9 - 8 4 .
V a n  d e r  M e r w e ,  A . R . ,  F .  S c h w e i g a r t  a n d  V . A .  C a c h i a  ( 1 9 6 5 )  M a h e w u  — 
i t s  i n d u s t r i a l  p r o d u c t i o n  a n d  i t s  v a l u e  a s  a  n u t r i e n t ,  
S o n d e r d r u c k  a u s  d e n  H e f t e n ,  J a n u a r y  1 9 6 5 .
V a n  N o o r t ,  G .  a n d  C .  S p e n c e  ( 1 9 7 6 )  T h e  M a h e w u  i n d u s t r y ,  S . A .
F o o d  R e v . j  O c t o b e r  1 9 7 6 .
V a n  V e e n ,  A . G . a n d  I C . H .  S t e i n k r a u s  ( 1 9 7 0 )  N u t r i t i v e  v a l u e  a n d
w h o l e s o m e n e s s  o f  f e r m e n t e d  f o o d s ,  J ' .  „ A g r i c .  F o o d  C h e m . ,  1 8 ,
5 7 6 - 5 7 8 .
V a n  W a r m e l o ,  K . T .  a n d  G . C .  W e s t h u i z e n  ( 1 9 6 8 )  T h e  p r o d u c t i o n  o f
a f l a t o x i n s  i n  n a t u r a l l y  i n f e c t e d  h i g h  q u a l i t y  m a i z e ,  D e p a r t .  
A g r i c .  T e c h .  S e r v i c e s  C o m m . ,  N o .  7 1 ,  P l a n t  P r o t e c t i o n  R e s e a r c h  
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